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ABSTRACT 

An e s t i m a t e d  10,639.2  tonnes  o f  P a c i f i c  h e r r i n g  Clupea harengus  pa7 l a s i  were 
h a r v e s t e d  i n  P r i n c e  Will iam Sound d u r i n g  t h e  1989-90 management y e a r .  The 1989 
f a l l  f o o d - a n d - b a i t  f i s h e r y  harves ted  586.0 tonnes  and t h e  f o u r  1990 s p r i n g  s a c  
roe  f i s h e r i e s  h a r v e s t e d  10,053.2 tonnes  a s  f o l l o w s :  t h e  purse  s e i n e  s a c  r o e  
f i s h e r y  7 ,586 .0  t o n n e s ,  t h e  g i l l  n e t  s a c  r o e  f i s h e r y  458.5 t o n n e s ,  t h e  wi ld  
spawn-on-kelp f i s h e r y  862.2  t o n n e s ,  and t h e  pound spawn-on-kelp f i s h e r y  1 ,146 .5  
t o n n e s .  The e s t i m a t e d  e x p l o i t a t i o n  r a t e  f o r  t h e  1989-90 management y e a r  was 9 .3% 
by weight  and 8.9% by number. The e s t i m a t e d  e x p l o i t a t i o n  r a t e  f o r  t h e  1990 s p r i n g  
f i s h e r i e s  was 8 .8% by weight  and 8.3% by number. There were f i v e  major spawning 
c o n c e n t r a t i o n s  o f  h e r r i n g  i n  P r i n c e  Nil 1 iam Sound d u r i n g  1990: Montague I s1  and 
a r e a ,  Naked I s l a n d  a r e a ,  n o r t h e a s t - s h o r e  a r e a ,  n o r t h - s h o r e  a r e a ,  and s o u t h e a s t -  
s h o r e  a r e a .  Based on a e r i a l  s u r v e y s ,  49,505.2 tonnes  o f  h e r r i n g  spawned on 151.5 
km o f  shore1 i n e .  The spawn d e p o s i t i o n  survey e s t i m a t e  o f  104,325 tonnes  was 2 . 1 1  
t imes  g r e a t e r  t h a n  t h e  a e r i a l  survey e s t i m a t e .  The t o t a l  1990 spawning biomass 
o f  h e r r i n g  i n  P r i n c e  Will iam Sound was e s t i m a t e d  a t  114,378.2 tonnes  us ing  t h e  
e s t i m a t e  from t h e  spawn d e p o s i t i o n  survey and t h e  h a r v e s t s  from t h e  1990 s p r i n g  
f i s h e r i e s .  The spawning h e r r i n g  had a mean weight o f  131 g .  An e s t i m a t e d  
105,187.2  tonnes  o f  h e r r i n g  escaped t h e  h a r v e s t  in 1990. The h e r r i n g  t h a t  escaped 
t h e  h a r v e s t  a1 so  had a mean weight of 131 g .  The h a r v e s t ,  escapement biomass,  and 
t o t a l  spawning biomass d u r i n g  1989-1990 were dominated by t h e  1984 y e a r  c l  a s s  o f  
h e r r i n g .  As age-5 h e r r i n g ,  t h e y  composed 40.0% by weight and 36.6% by number o f  
t h e  h a r v e s t  from t h e  1989 f o o d - a n d - b a i t  f i s h e r y .  As age-6 h e r r i n g ,  t h e y  composed 
65.5% by weight  and 68.3% by number of t h e  h a r v e s t s  from t h e  1990 s a c  r o e  and 
spawn-on-kelp f i s h e r i e s ;  72.5% by weight and 75.1% by number o f  t h e  escapement 
biomass, and 71.9% by weight  and 73.7% by number o f  t h e  t o t a l  spawning biomass.  

K E Y  WORDS: P a c i f i c  h e r r i n g ,  Clupea harengus  p a l l a s i ,  P r i n c e  Will iam Sound, 
spawning biomass e s t i m a t i o n ,  a e r i a l  su rvey ,  spawn d e p o s i t i o n  s u r v e y ,  
age ,  we igh t ,  l e n g t h ,  s e x ,  f o o d - a n d - b a i t ,  s a c  r o e ,  spawn-on-kelp ,  
pound f i s h e r y  



INTRODUCTION 

Pac i f i c  herr ing C7upea harengus pa77asi spawn throughout Prince William Sound 
(PWS) each year  from mid-April through ea r ly  May. Although herr ing t h a t  spawn 
within PWS may be composed of several populations, they are  managed as a  s ing le  
stock defined as those herring t h a t  spawn within the  coastal  waters between Point 
Whitshed and Cape F a i r f i e l d  (Figure 1 ) .  

Each year  f i v e  commercial f i s h e r i e s  harvest  herring within PWS: purse se ine  food- 
and-bai t ,  purse se ine  sac roe,  g i l l  net  sac roe,  wild spawn-on-kelp, and pound 
spawn-on-kelp. Since 1969 these  f i s h e r i e s  have harvested an average of 6,457.7 
tonnes of herr ing annually (Table 1 ) .  Of t h i s  amount, the  purse se ine  sac roe 
f i she ry  has accounted f o r  an average of 71 .O% (4,830.3 tonnes) annual l y ,  followed 
by the  wild spawn-on-kelp f i she ry  with 28.4%, o r  1,260.4 tonnes of equivalent  
herr ing;  the  food-and-bai t f i she ry  with 9.3% (669.9 tonnes) ; the  pound spawn-on- 
kelp f i she ry  with 6.9%, o r  554.0 tonnes of equivalent  herr ing;  and the  g i l l  net 
sac roe f i she ry  with 3.4% (255.9 tonnes) .  

The food-and-bait f i she ry  has harvested an average of 669.9 tonnes annually since 
1970 (Table 2 ) .  The annual e f f o r t  from 1970-1989 has averaged 4.2 boats .  Purse 
se ine  harvests  have dominated t h i s  f i s h e r y ,  ranging from 4.4 tonnes in 1972 t o  
1,157.8 tonnes in 1980. Since 1982, purse seine i s  the  only gear  type t h a t  has 
been used in t h i s  f i she ry .  

The two spawn-on-kelp f i s h e r i e s  have annually harvested an average of 205.0 
tonnes of spawn-on-kelp product s ince  1969 (Tables 3 ,  4 ) .  The wild spawn-on-kelp 
f i she ry  has accounted f o r  most of the  harvest ,  averaging 160.7 tonnes (Table 3 ) .  
However, the  pound spawn-on-kelp f i she ry  which developed from the  wi 1  d spawn-on- 
kelp f i she ry  in 1979, has been increasing rapid ly  s ince  1985 (Randall e t  a 7 .  
1985), and has had an average harvest of 44.3 tonnes (Table 4 ) .  

In 1990, Alaska Department of Fish and Game (ADF8.G) began t o  assess  herr ing stock 
in g r e a t e r  d e t a i l  by: monitoring the  harvest from each of the  f i v e  f i s h e r i e s ;  
est imating the  t o t a l  spawning biomass; and est imating the  age, weight, length ,  
and sex (AWLS) composition of herr ing in the  commercial harves t ,  escapement 
biomass, t o t a l  spawning biomass, and t o t a l  biomass. The commercial harvest  of the  
f i v e  f i s h e r i e s  was monitored from harvest r e c e i p t s ,  i . e . ,  f i s h  t i c k e t s ,  t h a t  were 
compl eted by processors when fishermen del ivered t h e i r  ca tch .  

Aerial surveys of the  spawning biomass of herring in PWS began in 1973, a1 though 
the  f i r s t  spawning biomass est imate was not made un t i l  1974. Annual est imates 
s ince  1974 have ranged from 6,649.7 tonnes in 1976 t o  70,588.1 tonnes in 1981 
(Table 5 ) .  Biomass est imates from a e r i a l  surveys a re  es t imates  of the  observable 
biomass; they a re  used t o  manage the  f i s h e r i e s  in-season and evaluate biomass 
projec t ions .  However, the  accuracy of ae r i a l  survey est imates i s  not be1 ieved t o  
be g rea t  due t o  d i f ferences  in observers,  weather, water v i s i  b i l  i  t y ,  varying 
school depths,  and varying spawning potent ia l  of the  herr ing caused by 
d i f fe rences  in age s t r u c t u r e  (Randall e t  a7. 1985; Brady 1987). To supplement 
t h i s  d a t a ,  spawn deposi t ion surveys were used in 1990 t o  est imate the  spawning 
biomass (Biggs and F u n k  1988). Spawn deposi t ion surveys have been used 
extensively in Br i t i sh  Columbia and Southeast Alaska (Haegele e t  a 7 .  1981; 
Bl ankenbeckl e r  and Larson 1987). 



Jackson and Randal 1 (1983, 1984) studied the  f e a s i b i l  i t y  of spawn deposit ion 
survey techniques in PWS i n  1983 and 1984. They concluded t h a t  spawning biomass 
est imates from spawn deposition surveys were more precise than ae r i a l  survey 
es t imates .  From these s tudies  the spawning biomass was estimated a t  19,958.1 
tonnes i n  1983, and 72,311.8 tonnes in 1984, whereas est imates based on ae r i a l  
surveys were 37,965.7 tonnes in 1983 and 53,179.2 tonnes in 1984 (Table 5 ) .  The 
spawning biomass was estimated a t  53,804.9 tonnes in 1988 and 52,235.5 tonnes i n  
1989 (Baker e t  a7. 1990, 1991) from spawn deposition surveys. 

The spawning success of herring has a l so  been measured ind i rec t ly  s ince  1973 by 
mapping the  amount of shore l ine  where spawning was observed from aer ia l  surveys 
(Tab1 e 5 ) .  Two indexes are cal cul a ted;  the  f i r s t ,  kilometers of spawning, has 
ranged from 51.4 km in 1976 t o  267.7 km in 1988 (Table 5 ) .  The second index, 
kilometer-days of spawning, which accounts f o r  mult iple days of spawning along 
the same shore l ine ,  has ranged from 51.4 km-days in 1976 t o  381.4 km-days in 
1988. 

AWLS information has been col lec ted  each year since 1973 from the  commercial 
harvest and t e s t  f i sh ing conducted by ADF&G (McCurdy 1986; Sandone e t  a7. 1988; 
Baker e t  a7. 1990, 1991). This information has been used t o  est imate the  age and 
sex composition, mean weight-at-age, and mean length-at-age,  as well as the  
contribution of each age c l a s s  t o  the  harvest ,  escapement biomass, t o t a l  spawning 
biomass, and t o t a l  biomass. AWLS information has a l so  been used t o  update harvest 
s t r a t e g i e s ,  monitor year c l  ass  s t rengths ,  measure recruitment, and prepare a 
forecas t  of abundance f o r  the following year.  

The object ives  of the  1990 PWS stock assessment program were: (1 )  t o  est imate the 
age, sex, and s i z e  composition o f t h e  commercial harvest ,  escapement biomass, and 
t o t a l  spawning biomass; (2)  t o  measure the  harvest and est imate the  use of 
herring by the  commercial f i s h e r i e s ;  (3) t o  estimate the  spawning biomass from 
both ae r i a l  surveys and spawn deposition surveys; and ( 4 )  t o  map the  locat ion,  
durat ion,  and in tens i ty  of herring spawning along the shore l ine .  

The r e s u l t s  of t h i s  program are presented in t h i s  repor t  along with an overview 
of the  management of the  herring f i s h e r i e s  in PWS. 

Management o f  t h e  H e r r i n g  F i s h e r i e s  i n  P r i n c e  W i l l i a m  Sound 

The herring stock in PWS i s  managed on a sustained y ie ld  bas is  following 
guideline harvest  l e v e l s  s e t  fo r th  by the  Alaska Board of Fisher ies  in 1988 in 
accordance with the Prince Wi 11 i am Sound Herring Management Plan (ADF&G 1990). 
The spawning biomass i s  projected from the  previous year ' s  escapement biomass 
which i s  estimated from spawn deposition and ae r ia l  surveys adjusted f o r  growth, 
mortal i t y  and recruitment. Guide1 ine harvest level s prescribe a s l  iding-scal  e 
exploi ta t ion  r a t e  ranging from 0% t o  20% of the projected spawning biomass. 
Commercial f i sh ing  i s  not allowed i f  the estimated spawning biomass i s  l e s s  than 
the threshold level of 7,620 tonnes. I f  the  projected spawning biomass i s  between 
7,620 and 38,556 tonnes, the  harvest level i s  s e t  between 0.0% and 20.0% based 
upon the Department's assessment of the s t a t u s  of the  herring stock.  A maximum 



exp lo i t a t ion  r a t e  of 20% i s  used i f  the  estimated spawning biomass i s  38,556 
tonnes o r  g r e a t e r .  

The harvest guidel ine  i s  a l located  among the  f i v e  f i s h e r i e s :  16.3% t o  the  f a l l  
food-and-bait f i she ry ,  8% t o  the  wild spawn-on-kelp f i s h e r y ,  14.2% t o  the  pound 
spawn-on-kelp f i she ry ,  58.1% t o  the  purse se ine  sac roe f i s h e r y ,  and 3.4% t o  the  
g i l l  net  sac roe f i she ry  (ADF&G 1990). Harvest quotas f o r  the  spawn-on-kelp 
f i s h e r i e s  a re  s e t  using the  following r a t i o s :  1.0 tonne of wild spawn-on-kelp may 
be taken f o r  every 8.0 tonnes of herr ing a l located  t o  the  wild spawn-on-kelp 
f i s h e r y ,  and 1.0 tonne of spawn-on-kelp in pounds may be taken f o r  every 12.5 
tonnes of herr ing a l located  t o  the  pound spawn-on-kelp f i s h e r y .  For 1990 the  
projected spawning biomass of herring was 47,139.1 tonnes, and the  t o t a l  harvest 
a l loca t ion  was 9,427.5 tonnes a t  20.0% exp lo i t a t ion  (Baker 1990). Following the  
management plan,  the  guidel ine harvest of herr ing was: 1,536.8 tonnes t o  the  1989 
food-and-bait f i she ry ;  753.8 tonnes t o  the  wild spawn-on-kelp f i she ry  resu l t ing  
in 94.3 tonnes of wild spawn-on-kelp product; 107.1 tonnes t o  the  pound spawn-on- 
kelp f i she ry  resu l t ing  in 0.84 tonnes of spawn-on-kelp product; 3,368.5 tonnes 
t o  the  purse se ine  sac roe f i s h e r y ;  and 197.1 tonnes t o  the  g i l l  net  f i she ry  
(Baker 1990). 

The food-and-bait  purse se ine  f i she ry  i s  the  f i r s t  t o  occur in the  management 
year .  The management year i s  from 1 July t o  30 June the  following year .  The food- 
and-bait  f i she ry  opens by regulat ion 1 September and may extend through 31 
January. However, the  f i shery  i s  closed by emergency order  i f  the  guidel ine 
harvest level  i s  a t ta ined p r i o r  t o  31 January. Although the  primary gear  f o r  the 
food-and-bait f i she ry  i s  purse se ine ,  g i l l  net  and trawl a r e  a l so  legal  gear 
( A D F & G  1990) . 
The pound spawn-on-kelp f i she ry  occurs during April and May. Purse se ines  are  
used t o  c o l l e c t  mature herring t h a t  have not y e t  spawned. The captured herring 
are  t r ans fe r red  from the  purse se ine  in to  a net  pen using net  doors. After  the  
web of the  purse se ine  door and the  net pen have been laced toge the r ,  the  volume 
of water in the  purse se ine  i s  reduced, forcing the  herr ing in to  the  net  pen. The 
web of the  net pen door i s  ra ised  and closed.  The net pen i s  then towed t o  the 
pound s i t e  where the  herring are  t r ans fe r red  in to  the  pound. Fronds of imported 
Macrocyst i s  kelp are  suspended v e r t i c a l l y  from 1 ines secured on the  s ides  of the  
pounds t o  serve as spawning subs t ra t e  f o r  the  adhesive herr ing eggs. The herring 
are  released when spawning i s  completed and the  r e su l t ing  spawn-on-kelp product 
i s  harvested. The pound webbing a l so  receives herr ing spawn and must remain in 
the  water un t i l  the  herr ing embryos have hatched. Although the  adul t  herr ing are  
released a f t e r  spawning, mor ta l i ty  of the  pounded herr ing i s  assumed t o  be 100%. 
Par t i c ipa t ion  in the  pound f i she ry  i s  regulated by the  Commercial F isher ies  Entry 
Commission (CFEC). 

The wild spawn-on-kelp f i she ry  usually occurs in l a t e  April o r  ea r ly  May. The 
spawn-on-kel p product i s  harvested by d ivers  who cut  the  fronds 10.2 cm above the  
stem. The locat ion  of the  wild spawn-on-kelp f i she ry  i s  determined from ae r i a l  
surveys; those locat ions  with the  longest durat ion and i n t e n s i t y  of spawning are  
opened f o r  harvesting spawn-on-kelp product. The wild spawn-on-kelp f i she ry  has 
a  f ixed a l loca t ion  based on the  guidel ine  harvest l e v e l .  



The timing of the  purse se ine  and g i l l  net  sac roe f i s h e r i e s  i s  es tabl i shed f o r  
the  l a t e r  half  of Apr i l ,  t o  coincide with peak roe recovery which wil l  maximize 
f i she ry  value. To prevent gear confl i c t s  between the  purse se ine  and g i l l  net  sac 
roe f i s h e r i e s ,  the  g i l l  net  sac roe f i she ry  usually follows the  c losure  of the  
purse se ine  f i she ry  (ADF&G 1990). Pa r t i c ipa t ion  in both sac roe f i s h e r i e s  i s  
regulated by the  C F E C .  

METHODS 

Harvest Information and Estimates 

Information on the  amount of herr ing harvested by the  food-and-bait f i she ry  and 
the  sac roe f i s h e r i e s ,  and the  spawn-on-kelp product harvested by the  spawn-on- 
kelp f i s h e r i e s  was obtained from f i s h  t i c k e t s .  Estimates of the  amount of herr ing 
exploi ted f o r  the  wild and pound spawn-on-kelp f i s h e r i e s  were estimated from the  
weight of the  harvested product. 

Age, Weight, Length, and Sex Statistics 

Data Collect ion 

Age, weight, length ,  and sex (AWLS) information was randomly co l l ec ted  from the  
1989 f a l l  commercial food-and-bait f i s h e r y ,  the  1990 commercial purse se ine  and 
gi 11 net sac roe f i s h e r i e s ,  the  1990 pound spawn-on-kelp f i s h e r y ,  and from ADF&G 
samples taken a t  major s ight ings  o f  herring spawning throughout PWS. Samples were 
taken during the  food-and-bait and sac roe f i s h e r i e s  from randomly se lec ted  
f i sh ing  vesse ls  throughout a  management area .  Idea l ly ,  during each f i s h i n g  
period,  samples from a minimum of f i v e  vesse ls  were co l l ec ted .  Purse se ine  
vesse ls  unloading herr ing a t  tenders were sampled by d ipnet t ing  f i s h  from the  
se ine  nets  o r  from the  tenders.  Samples were col lec ted  from the  hold o r  deck of 
the  g i l l  net  vessel s .  In the  pound spawn-on-kelp f i she ry ,  samples of herr ing were 
randomly col lec ted  before the  herring were introduced in to  the  pounds. Samples 
were a1 so co l l ec ted  by an ADF&G vessel o r  industry-vol unteered vesse ls  from the  
major s ight ings  of herr ing using gear types non-select ive f o r  s i z e ,  i . e . ,  purse 
and beach se ines .  

Herring samples were placed in polyethylene bags, c l e a r l y  1 abeled with 
i d e n t i f i c a t i o n  t ags ,  and picked up  d a i l y ,  or as weather permit ted,  by the  ae r i a l  
survey plane o r  a chartered f l o a t  plane. All samples were del ivered t o  the  
department's labora tory  in Cordova, placed in f i s h  t o t e s ,  chi1 led with i c e ,  and 
logged in a  sampling notebook. 

Ten herr ing were placed on a sampl ing t r a y  a t  a  time. Their weights were measured 
t o  the  neares t  0.01 g using an e lec t ron ic  sca le .  Their lengths ,  from t i p  of snout 
t o  the  end of the  hyperal p l a t e ,  were measured t o  the  neares t  mil l imeter  using 
c a l i p e r s ;  sex was determined by inspecting the  gonads, and one readable sca le  



from each f i s h  was removed from the  preferred area between the  l e f t  pectoral  f i n  
and the  l a t e r a l  l i n e  approximately 3-4 sca les  pos te r io r  t o  the  f i n  o r i g i n .  

Each sca le  was cleaned and checked f o r  regenerat ion.  I f  the  sca le  was regenerated 
o r  unreadable, another was removed un t i l  one readable s c a l e  was found f o r  each 
herr ing .  Individual sca les  from the  ten f i s h  were mounted on a s ing le  g lass  s l i d e  
(25 x 75 x 1  mm) by dipping each sca le  in to  a  mucilage g lue  solu t ion  (1:lO 
solu t ion  of mucilage glue and water) and placing i t  on the  g l a s s  s l i d e .  S l ides  
were labeled f o r  year ,  f i she ry ,  loca t ion ,  sample number, gear  type,  da tes ,  and 
s l  ide number. Each sca le  was pressed f irmly agains t  the  s l  ide with a  paper towel 
a f t e r  mounting t o  remove excess glue.  After  a l l  ten sca les  had been mounted, a  
second s l i d e  was placed on top of the  f i r s t  and the  two s l i d e s  were fastened 
together  with cellophane tape .  The completed sca le  mounts were s tored  in a  s l  ide 
box f o r  subsequent age estimation and permanent s torage .  

Age of each herr ing sampled was estimated from the  mounted sca les  by a  committee 
of two o r  th ree  persons. Scales were magnified using a  microfiche reader a t  50x 
and each individual estimated the  age independently. I f  the  individuals  estimated 
the  age d i f f e r e n t l y ,  the  d i f ferences  were discussed and the  age estimated by 
mutual consensus. 

Annulus formulation was assumed t o  take place in the  spring of the  year  p r i o r  t o  
spawning. Therefore, a1 1  herring captured in the  food-and- bai t f i s h e r y  were from 
5 t o  10 months o lder  than the  herr ing captured during the  following spring 
spawning migration and were from a  year  cl ass  one year o lder .  For example, age-4 
herr ing from the  1989 food-and-bait f i shery  were from the  1985 year  c l a s s ,  
whereas age-4 herring in the  1990 spawning migration were from the  1986 year  
c l a s s .  In addi t ion ,  a l l  herring sampled during the  spawning migration were 
assumed t o  have an annulus on the  outer  edge of each sca le .  Herring captured in 
the  food-and-bait f i she ry  were not assumed t o  have an annulus on the  outer  edge 
of the  sca le  unless one was c l e a r l y  v i s i b l e .  

Sample Sizes 

Sampl ing f o r  AWLS information was s t r a t i f i e d  by time, area ,  and f i s h e r y .  The goal 
was t o  s e l e c t  the  smallest  sample s i z e  f o r  a  random sample from a  mu1 tinomial 
population such t h a t  the  probabi l i ty  was a t  l e a s t  1-a (p rec i s ion)  t h a t  a l l  the  
estimated proportions were simultaneously within 5% (accuracy = 0.05) of the  t r u e  
population age proportions (Thompson 1987). I t  was shown t h a t  a  sample s i z e  of 
450 f i s h  would guarantee a t  l e a s t  t h i s  level of precision and accuracy f o r  any 
number of age c la s ses  and proportions and allow f o r  unreadable s c a l e s .  Less than 
5% of the  sca les  col lec ted  were unreadable. 

We a l so  examined temporal and spa t i a l  d i f ferences  in the  AWLS composition of 
herr ing in PWS. Samples col lec ted  from the  same locat ion  on successive days or  
from adjacent locat ions  on the  same day were t e s t ed  f o r  d i f f e rences  in age 
compositions between samples with a  chi -square t e s t .  Subsampl es of approximately 
150 herr ing were sampled from each s t r a t a .  I f  the  age compositions of the  herring 
in the  subsamples were not s i g n i f i c a n t l y  d i f f e r e n t  (a < 0 .05) ,  sampling continued 
un t i l  the  subsamples could be pooled in to  one sample of 450 f i s h .  However, i f  the  



age composition were significantly different ( a  > 0.05), sampling continued until 
450 herring were collected from each stratum. 

Data Analysi s 

The percent of age composition by sex, Pa, was estimated for each time-fishery 
stratum by: 

where, na equals the number of male or female herring in the sample that were age 
a, and n equals the total number of herring in the sample. 

The sex composition of herring for each time-fishery stratum was estimated by 
dividing the number of male or female fish in a sample by the total number of 
fish in a sample and multiplying by 100. 

The mean weight-at-age, ua, for herring was estimated for each time-fishery 
stratum by: 

where, Wa equals the individual weight of the herring in the sample that were 
age a. 

The variance for the sample weight-at-age, Var[W,] , was estimated by: 



The s tandard d e v i a t i o n  o f  t h e  sample we igh t -a t - age  was es t ima ted  by t a k i n g  t h e  
square r o o t  o f  equa t ion  ( 4 ) .  

The mean l eng th -a t - age ,  var iance,  and s tandard d e v i a t i o n  o f  t h e  sample l e n g t h - a t -  
age measurements were c a l c u l a t e d  by s u b s t i t u t i n g  t h e  i n d i v i d u a l  l e n g t h  o f  each 
h e r r i n g ,  Lai, f o r  Wai i n  equat ions ( 2 )  and ( 3 ) .  

The c o n t r i b u t i o n  o f  each age c l a s s  by we igh t  t o  t h e  ha rves t  o f  each commercial 
f i s h e r y ,  escapement biomass, and t o t a l  spawning biomass i n  each ma jo r  spawning 
area was es t imated  by: 

Ba = nap, * B ,  
maxa 

where, 6, equals  t h e  biomass o f  h e r r i n g  t h a t  was age a  i n  t h e  ha rves t  o f  each 
commercial f i s h e r y ,  escapement biomass, o r  t o t a l  spawning biomass i n  each major  
spawning area; and B equals  t h e  t o t a l  biomass o f  h e r r i n g  i n  t h e  ha rves t  o f  each 
commercial f i s h e r y ,  escapement biomass, o r  t o t a l  spawning biomass i n  each major  
spawning area. 

The c o n t r i b u t i o n  o f  each age c l a s s ,  N,, by number, t o  t h e  ha rves t  o f  each 
commerci a1 f i s h e r y ,  escapement biomass, and t o t a l  spawning biomass f o r  each major 
spawning area was es t imated  by:  

The c o n t r i b u t i o n  o f  each age c l a s s  t o  t h e  ha rves t  o f  t h e  commercial f ood -and -ba i t  
and sac r o e  f i s h e r i e s  was es t imated  based upon t h e  age compos i t i on  and mean 
we igh t -a t - age  o f  h e r r i n g  sampled d u r i n g  t h e  ha rves t .  The c o n t r i b u t i o n  o f  each age 
c l a s s  o f  h e r r i n g  used i n  t h e  pound spawn-on-kelp f i s h e r y  was es t imated  based upon 
t h e  age composi t ion and mean we igh t -a t -age  o f  h e r r i n g  sampled p r i o r  t o  t h e i r  
i n t r o d u c t i o n  i n t o  t h e  pounds. The c o n t r i b u t i o n  o f  each age c l a s s  t o  t h e  f i s h e r y  
was es t imated  based upon t h e  age composi t ion and mean we igh t -a t - age  o f  h e r r i n g  
t h a t  were sampled us i ng  gear cons idered n o n - s e l e c t i v e  f o r  s i ze ,  i . e . ,  purse and 
beach se ines,  near  t h e  areas where t h e  w i l d  spawn-on-kelp f i s h e r y  occur red .  

I f  t h e r e  was more than  one opening, t h e  age composi t ion and mean we igh t -a t - age  
o f  h e r r i n g  was es t imated  f o r  each opening sepa ra te l y .  The es t imated  c o n t r i b u t i o n  
o f  each age c l a s s  by weight  and number t o  t h e  combined ha rves t  o f  t h e  f i s h e r y  was 



e s t i m a t e d  by summing t h e  e s t i m a t e d  w e i g h t  and number o f  h e r r i n g  i n  each age c l a s s  
f r o m  t h e  s e p a r a t e  open ings.  Mean w e i g h t - a t - a g e  f o r  t h e  combined h a r v e s t  was t h e n  
e s t i m a t e d  by d i v i d i n g  t h e  w e i g h t  o f  each age c l a s s  by  t h e  number o f  f i s h  i n  each 
age c l a s s .  Mean l e n g t h - a t - a g e  was n o t  e s t i m a t e d  f o r  t h e  combined h a r v e s t s  o r  
areas.  

The c o n t r i b u t i o n  o f  each age c l a s s  t o  t h e  t o t a l  h a r v e s t  o f  h e r r i n g  by  a l l  t h e  
commercia l  f i s h e r i e s  i n  PWS was e s t i m a t e d  by  summing t h e  e s t i m a t e d  w e i g h t  and 
number o f  f i s h  i n  each age c l a s s  f r o m  a l l  t h e  commercia l  f i s h e r i e s .  The mean 
w e i g h t - a t - a g e  o f  t h e  t o t a l  h a r v e s t  was e s t i m a t e d  b y  d i v i d i n g  t h e  w e i g h t  o f  each 
age c l a s s  by  t h e  number o f  f i s h  i n  each age c l a s s .  Mean l e n g t h - a t - a g e  was n o t  
e s t i m a t e d  f o r  t h e  t o t a l  h a r v e s t .  

The c o n t r i b u t i o n  o f  each age c l a s s  t o  t h e  escapement biomass by  w e i g h t  and 
number, mean w e i g h t - a t - a g e ,  and mean l e n g t h - a t - a g e  o f  t h e  escapement biomass was 
e s t i m a t e d  f o r  h e r r i n g  i n  each o f  t h e  m a j o r  spawning areas f r o m  (1) e s t i m a t e s  o f  
spawning biomass f r o m  spawn d e p o s i t i o n  surveys,  ( 2 )  e s t i m a t e s  o f  t h e  use o f  
h e r r i n g  i n  t h e  w i l d  spawn-on-kelp f i s h e r y ,  and ( 3 )  p o o l e d  samples o f  age, w e i g h t ,  
and l e n g t h  d a t a  c o l l e c t e d  f r o m  h e r r i n g  c a p t u r e d  by non s i z e - s e l e c t i v e  g e a r  t y p e s ,  
e .g . ,  pu rse  and beach se ines ,  w i t h i n  each m a j o r  spawning a rea .  

The c o n t r i b u t i o n  o f  each age c l a s s  by w e i g h t  and number t o  t h e  escapement biomass 
was e s t i m a t e d  by  add ing  t h e  e s t i m a t e d  escapement f r o m  t h e  m a j o r  spawning areas 
t o  t h e  e s t i m a t e d  biomass e x p l o i t e d  by  t h e  w i l d  spawn-on-ke lp  f i s h e r y .  It s h o u l d  
be remembered t h a t  h e r r i n g  e x p l o i t e d  i n  t h e  w i l d  spawn-on-ke lp  f i s h e r y  were 
i n c l u d e d  i n  b o t h  t h e  t o t a l  h a r v e s t  and escapement biomass e s t i m a t e s .  The usage 
was i n c l u d e d  i n  t h e  t o t a l  h a r v e s t  e s t i m a t e  because t h e  eggs d e p o s i t e d  on t h e  k e l p  
were h a r v e s t e d  b e f o r e  t h e  escapement biomass was e s t i m a t e d  f r o m  spawn d e p o s i t i o n  
su rveys .  I n c l u d i n g  t h e  usage i n  t h e  h a r v e s t  wou ld  account  f o r  t h e  l o s s  o f  t h e  
r e p r o d u c t i v e  c a p a c i t y  o f  t h e  h e r r i n g  due t o  egg remova l .  On t h e  o t h e r  s i d e ,  t h e  
usage was a l s o  i n c l u d e d  i n  t h e  t o t a l  escapement e s t i m a t e  because t h e  a d u l t  f i s h  
t h a t  d e p o s i t e d  t h e  eggs escaped t h e  h a r v e s t  and s h o u l d  r e t u r n  t o  spawn n e x t  y e a r .  
The mean w e i g h t - a t - a g e  f o r  t h e  escapement biomass was t h e n  e s t i m a t e d  by  d i v i d i n g  
t h e  w e i g h t  o f  each age c l a s s  by t h e  number o f  f i s h  i n  each age c l a s s .  Mean 
l e n g t h - a t - a g e  was n o t  e s t i m a t e d  f o r  t h e  escapement biomass. 

The c o n t r i b u t i o n  o f  each age c l a s s  t o  t h e  t o t a l  spawning biomass was e s t i m a t e d  
by  add ing  t h e  escapement biomass, t h e  h a r v e s t  b y  t h e  sac r o e  f i s h e r i e s ,  and t h e  
h e r r i n g  e x p l o i t e d  by  t h e  pound spawn-on-kelp f i s h e r y .  H e r r i n g  e x p l o i t e d  i n  t h e  
w i l d  spawn-on-ke lp  f i s h e r y  were o n l y  i n c l u d e d  i n  t h e  t o t a l  spawning biomass 
e s t i m a t e  as p a r t  o f  t h e  escapement and n o t  i n  t h e  h a r v e s t  because t h e y  were n o t  
a c t u a l l y  h a r v e s t e d .  I n c l u d i n g  t h e s e  f i s h  wou ld  have meant add ing  them t w i c e ,  once 
i n  t h e  escapement biomass and once i n  t h e  h a r v e s t ,  t o  t h e  t o t a l  spawning biomass 
e s t i m a t e .  The mean w e i g h t - a t - a g e  f o r  t h e  t o t a l  spawning biomass was t h e n  
e s t i m a t e d  by  d i v i d i n g  t h e  w e i g h t  o f  each age c l a s s  b y  t h e  number o f  f i s h  i n  each 
age c l a s s .  Mean l e n g t h - a t - a g e  was n o t  e s t i m a t e d  f o r  t h e  t o t a l  spawning biomass.  

The s p r i n g  spawning e x p l o i t a t i o n  r a t e  by  w e i g h t  was e s t i m a t e d  f o r  each age c l a s s  
by  d i v i d i n g  t h e  w e i g h t  o f  t h e  h a r v e s t  f r o m  t h e  f o u r  s p r i n g  f i s h e r i e s  b y  t h e  
w e i g h t  o f  t h e  t o t a l  spawning biomass. The t o t a l  e x p l o i t a t i o n  r a t e  by  w e i g h t  was 
e s t i m a t e d  by d i v i d i n g  t h e  w e i g h t  o f  h a r v e s t  from t h e  f o u r  s p r i n g  f i s h e r i e s  and 
t h e  f o o d - a n d - b a i t  f i s h e r y  by  t h e  w e i g h t  of  t h e  t o t a l  biomass. The spawning and 



t o t a l  exp lo i t a t ion  r a t e s  by number were estimated f o r  each age c l a s s  by using 
number of herr ing instead of weight. 

Aerial Surveys 

Aeri a1 Survey Methods 

The f i r s t  ae r i  a1 survey was flown on 6 April 1990. Herring school s  were recorded 
and biomass estimated along with the  extent  of spawning a c t i v i t y .  Aerial surveys 
were usually flown from a f l o a t  equipped Cessna 185. A typica l  survey covered u p  
t o  805 km of coas t l ine  and was l imi ted  by the  endurance of the  a i r c r a f t ,  
approximately 5 h .  Tide s tage  was not c r i t i c a l ,  but in general more herr ing were 
v i s i b l e  on a r i s i n g  t i d e .  Survey coverage of PWS normally included the  mainland 
shore l ine  from S t .  Mathews Bay t o  Eaglek, the  Naked Island group, Green Island 
and the  northeastern portion of Montague Island (Figure 2 ) .  Areas of coverage 
were varied t o  focus on locat ions  where spawning a c t i v i t y  was concentrated.  
Spawning was observed on Smith Is1 and in 1990 f o r  the  f i r s t  time in twenty years .  

Biomass est imates were made by converting an est imate of surface  area t o  biomass. 
Schools of herr ing were c l a s s i f i e d  i n t o  one of th ree  s i z e  ca tegor ies  depending 
on the  estimated surface diameter.  A small school was about 15.25 m (50 f t )  in 
diameter and approximately 9.1 tonnes of herr ing;  a  medium school was about 30.5 
m (100 f t )  in diameter and approximately 36.3 tonnes of herr ing;  and a large 
school was about 61.0 m (200 f t )  in diameter and approximately 145.1 tonnes of 
herr ing .  Herring schools did not usually f a l l  i n to  one of the  th ree  s i z e  
ca tegor ies ,  and the  observer converted these schools in to  a mul t ip le  of small,  
medium, o r  la rge  schools .  

To reduce va r i a t ion  in the  est imates due t o  changes in the  observer 's  d is tance  
t o  the  water,  surveys were flown a t  a  standard a l t i t u d e  of 457.2 m (1,500 f t ) .  
This was occasionally modified because of low clouds o r  o ther  reasons.  A s ight ing  
tube was used t o  c a l i b r a t e  the  observer t o  standard surface  d is tances  a t  a  
speci f ied  survey a1 t i  tude and viewing angle. 

Spawning Biomass Estimation 

The annual peak biomass was estimated from the  ae r i a l  survey data  by adding the  
peak biomass est imates recorded f o r  a l l  survey areas .  Only a s i n g l e  day's 
est imate was used f o r  any given area unless two temporally d i s t i n c t  biomasses of 
herring spawned in the  same area .  In t h i s  instance,  two peak est imates from the  
same area would be included in the  annual peak biomass es t imate .  

Kilometers of Spawning and Kilometer-days of Spawning 

Areas of herr ing spawning a c t i v i t y ,  as indicated by white mi l t  in the  water ,  were 
c a r e f u l l y  charted t o  the  nearest  0.16 km (0.1 mi le) .  The annual kilometers of 
spawning was estimated from the  ae r i a l  survey data  as  the  sum of the  kilometers 
of shore l ine  where mi l t  was observed. No adjustment was made f o r  the  i n t e n s i t y  



of t h e  observed spawn. A 1 km sect ion of beach t h a t  received spawn f o r  1 d was 
given the  same weight as a 1 km sect ion of beach t h a t  received spawn f o r  2 d o r  
more. The i n t e n s i t y  of observed spawn was accounted f o r  with kilometer-days of 
spawning, which r e f l e c t e d  spawn observed on a sect ion of beach on 2 d o r  more: 
t h i s  sect ion of beach was counted f o r  each day of observed spawning. I t  should 
be noted t h a t  the  kilometers of spawning and kilometer-days of spawning were 
indices of abundance f o r  the  herr ing t h a t  escaped the  harvest by the  sac roe 
f i s h e r i e s .  

Spawn D e p o s i t i o n  Surveys 

The ob jec t ive  of the  spawn deposi t ion surveys was t o  est imate the  biomass of the  
spawning population of herr ing i n  PWS (Biggs and F u n k  1988). Spawn deposi t ion 
surveys were pat terned a f t e r  s imi la r  surveys in Southeast Alaska (Blankenbeckler 
1987; Bl ankenbeckl e r  and Larson 1982, 1985, 1987), and Br i t i sh  Col umbi a 
(Schweigert e t  a7.  1985). The spawning biomass was estimated in each major 
spawning area by est imating the  t o t a l  number of eggs deposited on the  spawning 
grounds and incorporat ing est imates of mean weight, sex r a t i o ,  and fecundity.  
Major spawning areas were iden t i f i ed  and mapped during ae r i a l  surveys. The t o t a l  
spawning biomass was estimated by summing the  es t imates  from a l l  the  major 
spawning a reas .  

Comparison o f  Spawning Biomass E s t i m a t e s  

To compare the  spawning biomass est imates from the  a e r i a l  surveys and spawn 
deposi t ion surveys, a biomass r a t i o  was estimated as the  peak ae r i a l  survey 
est imate divided by the  spawn deposi t ion survey es t imate .  In comparing the  two 
spawning biomass es t imates ,  i t  must be remembered t h a t  the  peak a e r i a l  survey 
est imate was an est imate of the  observable biomass and can be an est imate of the  
spawning biomass p r i o r  t o  the  sac roe f i s h e r i e s ,  whereas the  spawn deposi t ion 
survey es t imates  a re  est imates of the  spawning biomass a f t e r  the  completion of 
the  sac roe and spawn-on-kelp f i s h e r i e s .  

RESULTS 

Harves t  E s t i m a t e s  

1989 Food-and-Bait Fishery 

The Prince William Sound food-and-bait f i she ry  was opened by emergency order  on 
1 November 1989 and closed by regul a t  ion on 31 January 1990 (Tab1 e 6 ) .  Three 
purse se ine  vesse ls  harvested 586.0 tonnes of herr ing from Knowles Head by 12 
November 1989 (Table 7 ) .  The f i she ry  remained opened un t i l  31 January 1991. 
However, no herr ing were harvested a f t e r  12 November 1989. The guidel ine  harvest 
level  of 1,536.8 tonnes was never reached. 



The h e r r i n g  sampled from t h e  ha rves t  had a  mean we igh t  o f  111 g  and mean l e n g t h  
o f  182 mm (Tab le  7 ) .  Age-5 f i s h  represen ted  40.0% by we igh t  and 36.6% by number 
o f  t h e  f ood -and -ba i t  ha r ves t  (Table 7 ) ;  age-3 and -4  h e r r i n g  accounted f o r  most 
o f  t h e  remainder.  The ha rves t  was 49.5% females and 50.5% males. The 
c o n t r i b u t i o n s  o f  each age c l ass ,  mean weight ,  and sex compos i t i on  o f  h e r r i n g  i n  
t h e  food-and-ba i  t f i s h e r y  were determined f rom AWLS samples (n=418) c o l l e c t e d  
f rom t h e  commercial ha rves t  a t  Knowles Head, and Montague and Green I s l a n d s  
(Tab le  8 ) .  

Sac Roe Purse Seine F i she ry  

The purse se ine  sac r o e  f i s h e r y  was opened i n  t h e  no r t h - sho re  area on 12 A p r i l  
1990 f o r  one 20 minu te  f i s h i n g  p e r i o d  (Table  6 ) .  A  t o t a l  o f  7,586.0 tonnes o f  
h e r r i n g  were harves ted  by 97 purse  se ine  boats ;  t h i s  ha rves t  exceeded t h e  
gu ide1 i n e  ha rves t  l e v e l  o f  6,038 tonnes (Baker 1990). The es t ima ted  mean r o e  
recovery  was approx imate ly  11%. 

Dur ing  t h e  opening, 65.8% by weight  and 68.4% by number o f  t h e  ha rves t  was 
composed o f  age-6 f i s h  (1984 yea r  c l a s s )  ; t h e  remainder was composed o f  age-5 
th rough  age-10 h e r r i n g  (Tab le  9 ) .  H e r r i n g  sampled f rom t h e  ha rves t  had a  mean 
we igh t  o f  138 g  and a  mean l e n g t h  o f  218 mm. The ha rves t  was 56.1% males and 
43.9% females.  The c o n t r i b u t i o n s  o f  each age c l a s s ,  mean we igh t ,  and sex 
compos i t i on  o f  h e r r i n g  i n  t h e  purse se ine  sac r o e  ha rves t  were determined from 
AWLS samples (n=551) c o l l  ec ted  f rom t h e  commercial ha r ves t  i n  t h e  no r t heas t - sho re  
area o f  PWS on 12 A p r i l  1990 (Tab le  10) .  

Sac Roe G i l l  Net F i she ry  

The g i l l  n e t  sac r o e  f i s h e r y  was opened i n  t h e  no r t heas t - sho re  area on 13 A p r i l  
1990 f o r  a  4.0 h  f i s h i n g  p e r i o d  (Tab le  6 ) .  A  t o t a l  o f  458.5 tonnes o f  h e r r i n g  
were harves ted  by 24 boats,  exceeding t h e  g u i d e l i n e  ha rves t  o f  320.2 tonnes 
(Baker 1990).  The mean r o e  recovery  was es t imated  a t  10.6%. 

The m a j o r i t y  o f  t h e  g i l l  n e t  sac r o e  ha rves t  was composed o f  age-6 h e r r i n g ;  45.2% 
by we igh t  and 48.6% by number (Tab le  11) .  The remainder o f  t h e  ha rves t  was 
composed o f  h e r r i n g  r ang ing  f rom age-4 through age-13. H e r r i n g  f rom t h i s  ha rves t  
had a  mean we igh t  o f  157 g  and a mean l e n g t h  o f  231 mm. The ha rves t  was 53.9% 
males and 46.1% females.  The c o n t r i b u t i o n s  o f  each age c l a s s ,  mean we igh t ,  and 
sex compos i t i on  o f  h e r r i n g  i n  t h e  ha rves t  were determined f rom AWLS samples 
c o l l e c t e d  f rom t h e  commercial g i l l  n e t  ha r ves t  a t  T a t i t l e k  Narrows, V i r g i n ,  and 
Landlocked bays (n=255) and Boulder  Bay (n=409) i n  t h e  no r t heas t - sho re  area of 
PWS on 13 A p r i l  1990 (Tables 12, 13) .  

I n  T a t i t l e k  Narrows, V i r g i n  and Landlocked bays, t h e  h e r r i n g  had a  mean we igh t  
o f  165 g  and mean l e n g t h  o f  233 mm (Tab le  12) .  The sample was represen ted  by 
53.3% males and 46.7% females and composed o f  45.9% age-6 f i s h ;  t h e  ba lance was 
made up o f  age-5 th rough  age-10 f i s h .  The mean we igh t -a t -age  and mean l e n g t h - a t -  
age o f  t h e  female h e r r i n g  was s l i g h t l y  l a r g e r  than  t h e  male h e r r i n g  (NSC). 



Herring from Boulder Bay had a  mean weight of 152 g and mean length  of 229 mm 
(Table 1 3 ) .  Of t h e  f i s h  sampled, 54.3% were males and 45.7% were females .  The 
sample cons i s t ed  of 50.4% age-6 f i s h ;  age-5 through age-10 he r r ing  represented  
most of t h e  remaining harves t .  The mean weight-at-age and mean l eng th -a t - age  f o r  
t he  female he r r ing  was s l  i g h t l y  l a r g e r  than t h e  male her r ing  (NSC). 

Wild Spawn-on-Kelp Fishery 

The wild spawn-on-kelp f i s h e r y  was opened in T a t i t l e k  Narrows f o r  8 . 0  h on 21 
April and 8 .0  h on 2 2  April 1990 (Table 6 ) ;  134 d i v e r s  harvested 107.8 tonnes of 
wild spawn-on-kelp product .  The explo i ted  her r ing  biomass was es t imated  t o  be 
862.2 tonnes,  of which 344.0 tonnes were explo i ted  during t h e  f i r s t  opening, and 
518.2 tonnes during t h e  second opening (Table 14) .  The t o t a l  harves t  exceeded t h e  
gu ide l ine  harves t  of 753.9 tonnes (Baker 1990).  

A n  es t imated 66.8% by weight and 69.4% by number of t h e  he r r ing  used in  t h e  
f i s h e r y  were age-6,  and t h e  major i ty  of t h e  remaining harves t  s p l i t  between age-5 
and age-10 he r r ing  (Table 1 4 ) .  The sampled her r ing  had a  mean weight of 137 g and 
mean 1 ength of 220 mm, and were 53.4% ma1 e s  and 46.6% females.  The c o n t r i b u t i o n s  
of each age c l a s s ,  mean weight,  mean l eng th ,  and sex composition of he r r ing  used 
in  t he  wi 1 d spawn-on- kel p  harves t  were determined from AWLS samples col 1  ec ted  
from purse s e i n e  ca tches  f o r  t h e  sac  roe f i s h e r y  in  t he  no r theas t - sho re  a r ea  
(n=551; Table 1 0 ) ;  from t e s t  f i s h  purse s e ine  ca tches  a t  Galena Bay on 7 April  
(n=389; Table 1 5 ) ,  Sawmi 11 Bay on 7 April (n=144; Table 16 ) ,  and Galena and Jack 
Bays on 11 April  (n=204; Table 17) ; and from purse s e i n e  ca tches  f o r  t h e  pound 
f i s h e r y  in  Galena Bay on 14 April 1990 (n=426; Table 1 8 ) .  

Pound Spawn-on-Kelp Fishery 

The pound spawn-on-kelp f i s h e r y  was opened t o  purse s e ine  he r r ing  from 11-22 
April 1990 (Table 6 ) .  A t o t a l  harves t  of 91.7 tonnes of spawn-on-kelp was 
produced by t h e  128 permit ho lders .  From t h i s ,  i t  was est imated t h a t  1 ,146 .5  
tonnes of her r ing  were used in  t h i s  f i s h e r y .  

In t he  pound spawn-on-kelp f i s h e r y  70.4% by weight and 73.5% by number of t he  
her r ing  used were age-6 (Table 1 9 ) .  The sampled her r ing  had a  mean weight of 133 
g and mean length  of 221 m m ,  and were 50.8% males and 49.2% females.  The 
con t r ibu t ions  of  each age c l a s s ,  mean weight,  and sex composition were determined 
from AWLS samples c o l l e c t e d  from her r ing  used in  t h e  pound f i s h e r y  in  t h e  
no r theas t - sho re  a r ea  (n=426; Table 1 8 ) .  

In addi t ion  t o  t h e  AWLS samples c o l l e c t e d  in  Galena Bay on 14 April 1990 (Table 
1 8 ) ,  samples were a1 so co l l ec t ed  in  Galena Bay on 15 April 1990 (Table 20) and 
on 20 April 1990. The samples co l l ec t ed  on 15 April 1990 were determined t o  be 
unrepresenta t ive  because of t h e  l a r g e  number of age-3 he r r ing .  The sample was 
s t i l l  composed p r imar i ly  of age-6 he r r ing  (58.0%),  however, 15.8% of t h e  sample 
was age-3 he r r ing .  Herring in  t h i s  sample had a  mean weight of 102 g and a  mean 
length  of 201 m m ,  and were 58.0% males and 42.0% females .  



The samples c o l l e c t e d  on 20 Apr i l  1990 were a l s o  determined t o  be 
u n r e p r e s e n t a t i v e  because o f  t h e  l a t e  d a t e  t h e y  were c o l l e c t e d  in  t h e  f i s h e r y  
(Tab le  2 1 ) .  The m a j o r i t y  o f  t h e  spawn on ke lp  had been h a r v e s t e d  and t h e  f i s h e r y  
was c l o s e d  on 22 Apri l  1990. The h e r r i n g  sampled were 67.0% a g e - 6 ,  had a mean 
weight  of 125 g and mean l e n g t h  of 216 m m ,  and were 58.0% males and 42.0% 
femal e s .  

Tota l  Harvest  

The h e r r i n g  i n  t h e  h a r v e s t s  o f  t h e  1990 s p r i n g  f i s h e r i e s  were composed of age-6 
f i s h  65.5% by weight  and 68.3% by number (Tab le  2 2 ) .  The remainder  o f  t h e  h e r r i n g  
were mos t ly  composed o f  h e r r i n g  between age-5 and age-10.  Her r ing  i n  t h e  1990 
h a r v e s t  had a mean weight o f  138 g .  The h a r v e s t  by t h e  s p r i n g  f i s h e r i e s  was 55.0% 
males and 45.0% females .  The c o n t r i b u t i o n  o f  each age c l a s s  by weight  and number 
was determined by combining t h e  e s t i m a t e d  age composi t ion o f  t h e  h a r v e s t  from t h e  
f o u r  s p r i n g  f i s h e r i e s  (Tab les  9 ,  11,  14 ,  1 9 ) .  

The t o t a l  h a r v e s t  f o r  t h e  f o u r  s p r i n g  f i s h e r i e s  and t h e  1989 f o o d - a n d - b a i t  
f i s h e r y  was 10,639.2  tonnes  o f  h e r r i n g  (Tab le  2 3 ) .  The h e r r i n g  i n  t h e  combined 
h a r v e s t  had a mean weight o f  137 g .  Age-6 h e r r i n g  made up 62.3% by weight  and 
64.2% by number o f  t h e  h a r v e s t .  The combined f i s h e r i e s  were 54.8% ma1 e s  and 45.2% 
females .  The c o n t r i b u t i o n  o f  each age c l a s s ,  by weight  and number, was determined 
by combining t h e  e s t i m a t e d  age composi t ion o f  t h e  h a r v e s t  from t h e  f o u r  s p r i n g  
f i s h e r i e s  in  1990 (Tab les  9 ,  11,  14,  19)  and t h e  f o o d - a n d - b a i t  f i s h e r y  i n  1989 
(Tab le  7 ) .  The 1989 food-and-bai  t f i s h e r y  h a r v e s t e d  586.0 tonnes  o f  h e r r i n g .  The 
1990 s a c  r o e  f i s h e r i e s  h a r v e s t e d  8 ,044 .5  tonnes  of h e r r i n g ,  and t h e  1990 spawn- 
on-ke lp  f i s h e r i e s  199.5 tonnes  o f  spawn-on-kelp p roduc t .  

Spawning Biomass Estimates 

S o u t h e a s t - s h o r e  Area 

In t h e  s o u t h e a s t - s h o r e  a r e a  380.0 tonnes  o f  h e r r i n g  were e s t i m a t e d  t o  have 
spawned based on spawn d e p o s i t i o n  surveys  (Table  2 4 ) ,  which was 1.35 t imes  1 a r g e r  
t h a n  t h e  a e r i a l  survey e s t i m a t e  of 281.2 tonnes .  An e s t i m a t e d  4 .5  km-days of 
spawn were observed from a e r i a l  su rveys  a long 4 .2  km o f  s h o r e l i n e .  Most o f  t h e  
spawning biomass and spawning was observed on 31 March and 1 Apr i l  1990 (Tab les  
25, 26) .  

No AWLS samples were c o l l e c t e d  i n  t h e  s o u t h - e a s t  s h o r e  a r e a .  T h e r e f o r e  t h e  AWLS 
samples c o l l e c t e d  and cons idered  t o  be r e p r e s e n t a t i v e  o f  t h e  n o r t h e a s t - s h o r e  a r e a  
were used (Tab les  10,  1 5 , 1 6 , 1 7 , 1 8 ) .  Using t h e s e  samples ,  t h e  spawning biomass was 
composed o f  age-6 h e r r i n g  66.8% by weight  and 69.4% by number (Tab le  2 7 ) .  The 
h e r r i n g  had a mean weight of 137 g and a mean l e n g t h  o f  220 m m ,  and were 53.4% 
males and 46.6% females .  



Northeast-shore Area 

Based upon both a e r i a l  surveys and spawn deposi t ion es t imates ,  the  l a r g e s t  
biomass of spawning herr ing was near T a t i t l e k  Narrows in the  northeast-shore area 
(Table 24). In the  northeast-shore area 48,888.0 tonnes were estimated from the  
spawn deposi t ion survey; t h i s  was 1.75 times l a r g e r  than the  a e r i a l  survey 
biomass es t imate  of 27,868.7 tonnes 21. The majori ty of the  spawning biomass was 
observed during an ae r i a l  survey on 11 April 1990 (Table 25). The majori ty of the  
spawning was observed on 14-16 April 1990 on an estimated 70.4 km of shore l ine  
(Tab1 es 24, 26) .  

An estimated 66.8% by weight and 69.4% by number of the  herr ing in the  nor theas t -  
shore area were age-6 f i s h  (Table 28). Herring in t h i s  area had a mean weight of 
137 g and mean length of 220 mm, and were 53.4% males and 46.6% females. The 
contr ibut ion  of each age c l a s s ,  mean weight, mean length ,  and sex composition was 
estimated from AWLS samples col lec ted  from herring u t i l  ized in the  pound f i she ry  
a t  Galena Bay (Table 28).  For a comparison of the  samples co l l ec ted ,  see  the  
pound spawn-on- kel p f i she ry  sect ion in the  r e s u l t s .  

Purse se ines  were used t o  sample herr ing ( t e s t  f i sh ing)  in Galena Bay on 7 April 
1990 and Sawmill Bay on 11 April (Tables 26, 27) .  On 7 April 1990, 389 herr ing 
were sampled (Table 26) ,  65.0% of which were age-6. Males composed 53.7% of the  
sample and females 46.3%. The herr ing had a mean weight of 141 g and mean length 
of 221 mm.  On 11 April 1990, 144 herring were sampled (Table 27),  63.9% of which 
were age-6. Ma1 es  composed 44.4% of the  sample and females 55.6%. The herr ing had 
a mean weight of 137 g and mean length of 220 mm. The cont r ibut ion  of each age 
c l a s s ,  mean weight, mean length ,  and sex composition of herr ing in the  nor theas t  
area were determined from AWLS samples col lec ted  from purse se ine  catches f o r  the  
sac roe f i she ry  in the  northeast  area (n=551; Table 1 0 ) ;  from t e s t  f i s h  purse 
se ine  catches a t  Galena Bay on 7 April (n=389; Table 1 5 ) ,  Sawmill Bay on 7 April 
(n=144; Table 1 6 ) ,  and Galena and Jack Bays on 11 April (n=204; Table 1 7 ) ;  and 
from purse se ine  catches f o r  the  pound f i she ry  in Galena Bay on 14 April 1990 
(n=426; Table 18) .  The samples col lec ted  from the  commercial purse sac roe and 
pound f i s h e r i e s  were presented previously under t h e i r  appropriate headings. 

Herring sampled a t  Galena Bay on 7 April were 65.0% age-6 f i s h  (Table 1 5 ) ,  had 
a mean weight of 141 g and mean length of 221 mm,  and were 53.7% males and 46.3% 
females. In comparison, herr ing sampled a t  Sawmil 1 Bay on 11 April were 63.9% 
age-6 f i s h  (Table 16) ,  had a mean weight of 137 g and mean length of 220 mm,  and 
were 44.4% males and 55.6% females. Herring sampled a t  Galena and Jack Bays on 
11 April 1990 were 76.0% age-6 (Table 17) and had a mean weight of 137 g and mean 
1 ength of 220 mm. The sample was 56.9% males and 43.1% females. 

North-shore Area 

I n  the  north-shore area ,  13,256.0 tonnes of herring were estimated t o  have 
spawned based on spawn deposi t ion surveys (Table 24) .  This est imate was 1.11 
times l a r g e r  than the  11,892.2 tonnes estimated from ae r i a l  surveys. Herring were 
observed spawning f o r  35.2 km-days on 35.2 km of shore l ine  in the  area .  The 
majority of the  spawning herring were observed between 9 and 14 April 1990 (Table 
2 5 ) ,  though a l a rge  portion of the  spawn was not observed un t i l  16 April 1990. 



An e s t i m a t e d  73.0% by weight  and 74.3% by number o f  t h e  h e r r i n g  i n  t h e  n o r t h -  
s h o r e  a r e a  were age-6 f i s h  (Tab le  2 9 ) .  Herr ing from t h i s  a r e a  had a  mean weight  
o f  134 g  and mean l e n g t h  o f  218 m m ,  and were 39.9% males and 60.1% females .  The 
c o n t r i b u t i o n  o f  each age c l a s s ,  mean weigh t ,  mean l e n g t h ,  and s e x  composi t ion 
were determined from AWLS samples (n=424) c o l l e c t e d  from t e s t  f i s h  p u r s e  s e i n e  
c a t c h e s  a t  We1 1 s Bay (Tab le  3 0 ) .  

Naked I s1  and Area 

In t h e  Naked I s l a n d  a r e a ,  2 ,877.0  tonnes  o f  h e r r i n g  were e s t i m a t e d  t o  have spawn 
based on spawn d e p o s i t i o n  surveys  (Tab le  2 4 ) .  Th i s  e s t i m a t e  was 0.42 t imes  
s m a l l e r  than  t h e  a e r i a l  survey e s t i m a t e  o f  6 ,867 .4  t o n n e s .  Herr ing were observed 
t o  have spawned f o r  5 . 6  km-days on 8 . 7  km of s h o r e l i n e .  Her r ing  and spawn were 
observed i n  t h e  a r e a  between 8  and 18 Apri l  1990 (Tab les  25, 2 6 ) .  

Of t h e  h e r r i n g  t h a t  spawned i n  t h e  Naked I s l a n d  a r e a ,  72.6% by weight  and 75.2% 
by number were age-6 h e r r i n g  (Tabl e s  31, 3 2 ) .  The h e r r i n g  sampled had a  mean 
weight  o f  138 g  and mean l e n g t h  o f  220 mm,  and were 43.7% males and 56.3% 
females .  The c o n t r i b u t i o n  of each age c l a s s ,  mean weigh t ,  mean l e n g t h ,  and sex 
composi t ion was e s t i m a t e d  based upon an AWLS sample c o l l e c t e d  from t e s t  f i s h  
p u r s e  s e i n e  c a t c h e s  i n  t h e  Naked I s l a n d  a r e a  on 10 Apri l  1990 (Tab le  3 2 ) .  

Montague Is1  and Area 

In t h e  Montague I s l a n d  a r e a  38,924.0  tonnes  o f  h e r r i n g  were e s t i m a t e d  t o  have 
spawned based on spawn d e p o s i t i o n  surveys  (Tab le  24) .  T h i s  e s t i m a t e  was 15.00 
t imes  l a r g e r  than  t h e  a e r i a l  survey e s t i m a t e  o f  2 ,594.6  t o n n e s .  Her r ing  spawned 
f o r  85 .2  km-days a long 39.0  km of  shore1 i n e .  The m a j o r i t y  o f  t h e  h e r r i n g  biomass 
and spawn was observed between 6  and 16 Apri l  1990 (Tab les  25, 2 6 ) .  

A n  e s t i m a t e d  79.7% by weight and 79.3% by number o f  t h e  h e r r i n g  i n  t h e  Montague 
I s l a n d  a r e a  were age-6  f i s h  (Tab le  3 3 ) .  Herr ing i n  t h i s  a r e a  had a  mean weight 
of 121 g  and a  mean l e n g t h  o f  217 mm; males composed 57.3% of  t h e  sample and 
females  42.7%. The c o n t r i b u t i o n  o f  each age c l a s s ,  mean w e i g h t ,  mean l e n g t h ,  and 
sex  composi t ion was e s t i m a t e d  based upon AWLS samples c o l l e c t e d  from t e s t  f i s h  
purse  s e i n e  c a t c h e s  (n=438) i n  t h e  Montague I s l a n d  a r e a  on 17-18 Apr i l  1990 
(Tabl e  3 4 ) .  

Herr ing were a l s o  sampled f o r  AWLS in format ion  a t  Por t  Chalmers i n  t h e  Montague 
I s l a n d  a r e a  (n=439; Table  3 5 ) .  However, t h e s e  h e r r i n g  were n o t  used t o  e s t i m a t e  
age compos i t ion ,  mean weigh t ,  mean l e n g t h ,  and s e x  composi t ion f o r  t h e  a r e a  
because the sample was cons idered  t o  be u n r e p r e s e n t a t i v e  o f  t h e  h e r r i n g  i n  t h e  
a r e a .  The h e r r i n g  sampled a t  P o r t  Chalmers were 75.9% age-6 f i s h ,  had a  mean 
weight  o f  116 g  and mean l e n g t h  o f  210 m m ,  and were 44.4% males and 55.6% 
females  . 



A1 1  Areas Combined 

Based upon spawn d e p o s i t i o n  surveys,  104,325.0 tonnes o f  h e r r i n g  spawned i n  t h e  
f i v e  m a j o r  spawning a reas  i n  PWS ( T a b l e  24) .  T h i s  e s t i m a t e  was 2 .11  t i m e s  1  a r g e r  
t h a n  t h e  49,505.2 tonnes o f  h e r r i n g  e s t i m a t e d  f r o m  a e r i a l  su rveys .  H e r r i n g  were 
observed t o  have spawned f o r  232.2 km-days a l o n g  151.5 km o f  shore1 i n e .  The 
m a j o r i t y  o f  t h e  h e r r i n g  were observed between 10 and 12 A p r i l  1990 ( T a b l e s  25),  
though t h e  h e r r i n g  spawn was most  v i s i b l e  between 14 and 19 A p r i l  1990 ( T a b l e  
2 6 ) .  The spawning biomass e s t i m a t e d  f r o m  t h e  spawn d e p o s i t i o n  su rveys  were 
composed o f  age-6 f i s h  73.6% b y  w e i g h t  and 75.2% b y  number ( T a b l e  36) and had a  
mean w e i g h t  o f  131 g .  The sex c o m p o s i t i o n  o f  t h e  spawning biomass was 53.0% males 
and 47.0% females .  

Escapement Biomass,  T o t a l  Spawning Biomass, and E x p l o i t a t i o n  Ra te  

An e s t i m a t e d  105,187.2 tonnes o f  h e r r i n g  escaped t h e  h a r v e s t  i n  PWS i n  1990 
( T a b l e  3 7 ) .  An e s t i m a t e d  72.5% by w e i g h t  and 75.1% by number were age-6 h e r r i n g .  
The rema inder  o f  t h e  escapement c o n s i s t e d  o f  f i s h  age-2 t h r o u g h  age-13.  H e r r i n g  
t h a t  escaped h a r v e s t  had a  mean w e i g h t  o f  131 g  and were 53.0% males  and 47.0% 
fema les .  The escapement was t h e  sum o f  t h e  e s t i m a t e d  spawning biomass f r o m  t h e  
spawn d e p o s i t i o n  su rveys  (Tab le  36)  and t h e  e s t i m a t e d  use by t h e  w i l d  spawn-on- 
k e l p  f i s h e r y  (Tab1 e  1 4 ) .  

The t o t a l  spawning biomass was e s t i m a t e d  a t  114,378.2 tonnes ( T a b l e  3 8 ) ,  o f  wh ich  
71.9% by w e i g h t  and 73.7% by number were age-6 h e r r i n g .  The e s t i m a t e d  mean w e i g h t  
f o r  t h e  h e r r i n g  p o p u l a t i o n  was 131 g .  The sex c o m p o s i t i o n  was 53.2% males and 
46.8% females .  The t o t a l  spawning biomass was t h e  sum o f  t h e  e s t i m a t e d  spawning 
biomass f r o m  t h e  spawn d e p o s i t i o n  su rveys  (Tab le  36) and t h e  t o t a l  h a r v e s t  and 
use by  t h e  1990 sac r o e  and spawn-on-ke lp  f i s h e r i e s  ( T a b l e  22 ) .  

The t o t a l  biomass o f  h e r r i n g  was e s t i m a t e d  a t  114,964.2 tonnes  ( T a b l e  3 9 ) .  The 
h e r r i n g  were 71.6% by w e i g h t  and 73.3% by number age-6 h e r r i n g .  The e s t i m a t e d  
mean w e i g h t  f o r  t h e  h e r r i n g  p o p u l a t i o n  was 131 g. The sex c o m p o s i t i o n  was 53.2% 
males and 46.8% females .  The t o t a l  spawning biomass was t h e  sum o f  t h e  e s t i m a t e d  
spawning biomass from t h e  spawn d e p o s i t i o n  su rveys  ( T a b l e  36) ,  t h e  h a r v e s t  b y  t h e  
1989 f o o d - a n d - b a i  t f i s h e r y  and t h e  t o t a l  h a r v e s t  and use b y  t h e  1990 sac r o e  and 
spawn-on-kel  p  f i s h e r i e s  ( T a b l e  23) .  

The e x p l o i t a t i o n  r a t e  f o r  t h e  1990 s p r i n g  f i s h e r i e s  was 8.8% by w e i g h t  and 8.3% 
by number (Tab les  40, 4 1 ) .  The e x p l o i t a t i o n  r a t e  f o r  t h e  1989 f o o d - a n d - b a i t  
f i s h e r y  and 1990 s p r i n g  f i s h e r i e s  was 9.3% by w e i g h t  and 8.9% by w e i g h t .  

DISCUSSION 

The t o t a l  h a r v e s t  o f  10,639.2 tonnes o f  h e r r i n g  by t h e  f i v e  commercia l  f i s h e r i e s  
d u r i n g  1989-1990 exceeded t h e  h a r v e s t  a l l o c a t i o n  o f  9,427.5 tonnes  by  12.9%, o r  



1,211.7 tonnes. The 1989 food-and-bait and spawn-on-kelp pound f i s h e r i e s  never 
reached t h e i r  guidel ine  harvest l e v e l s .  The 1989 food-and-bait harvest  of 586.0 
tonnes was 950.8 tonnes l e s s  than the  a l located  1,536.8 tonnes. The spawn-on-kelp 
pound f i she ry  harvest of 91.7 tonnes of spawn-on-kelp product was 15.3 tonnes 
l e s s  than the  harvest a l loca t ion  of 107.0 tonnes. The wild spawn-on-kelp and both 
sac roe f i s h e r i e s  exceeded the  guidel ine  harvest l e v e l s .  The l a r g e s t  d i f ference  
in the  harvest a l loca t ion  was the  purse se ine  sac roe f i s h e r y ;  which harvested 
7,586.0 tonnes, 38.5% over the  harvest a1 locat ion  of 5,477.5 tonnes. The gi 11 net 
sac roe f i she ry  harvested 458.5 tonnes which exceeded the  a l loca t ion  of 320.3 
tonnes by 43.2%, o r  138.3 tonnes. F inal ly ,  the  wild spawn-on-kelp f i she ry  
harvested 107.8 tonnes of spawn-on-kelp product, exceeding the  a1 1 ocation of 94.3 
tonnes by 14.3%, o r  13.5 tonnes. 

There were f i v e  major spawning concentrat ions of herr ing in PWS: southeast-shore 
area ,  northeast  -shore area ,  north-shore area ,  Naked Is1 and area ,  and Montague 
Island area (Figure 2) .  Both ae r i a l  surveys and spawn deposi t ion surveys were 
conducted t o  est imate the  spawning biomass in the  f i v e  areas .  Differences between 
est imates from aer i  a1 surveys and spawn deposi t ion surveys varied g r e a t l y  within 
the  f i v e  major spawning areas .  Estimates in the  southeast-shore area were 
s imi la r :  the  spawn deposi t ion survey est imate of 380.0 tonnes was 1.35 times 
1 arger  than the  ae r i a l  survey est imate of 281.2 tonnes. The s l  igh t  d i f ference  may 
be because ae r i a l  surveys were not flown un t i l  31 March 1990 and herr ing were 
observed on the  f i r s t  ae r i a l  survey and herr ing may have been missed before the  
f i r s t  a e r i a l  survey was flown. 

The l a r g e s t  spawning biomass of herring occurred in the  nor theas t -shore  area .  A 
l a rge  portion of which was not observed during the  ae r i a l  surveys. The spawn 
deposi t ion survey est imate of 48,888.0 tonnes was 1.75 times l a r g e r  than the  
ae r i a l  survey est imate of 27,868.7 tonnes. The d i f ference  between these est imates 
becomes even more dramatic i f  the  harvest from the  four spring f i s h e r i e s  i s  
accounted f o r .  All four spring f i s h e r i e s  took place in t h i s  a rea .  I f  the  harvest 
by the  f i s h e r i e s ,  10,053.2 tonnes, i s  added t o  the  spawn deposi t ion survey 
es t imate ,  then 58,941.2 tonnes of herr ing should have been observed by ae r i a l  
surveys in t h i s  a rea .  

In the  north-shore area the  biomass est imates were very s imi la r ;  the  13,256.0 
tonnes estimated from spawn deposi t ion surveys was 1.11 times l a r g e r  and than the  
11,893.2 tonnes estimated from ae r i a l  surveys. The biomass es t imates  in the  Naked 
Island area reversed the  pat tern evident in o ther  areas .  The est imate from the 
spawn deposi t ion surveys was 0.42 smaller than the  est imate from the  ae r i a l  
surveys. The d i f fe rence  probably arose from observing herr ing in the  area t h a t  
u l t imate ly  went t o  a  d i f f e r e n t  area t o  spawn. There i s  a1 so the  p o s s i b i l i t y  t h a t  
herr ing observed in t h i s  area re ta ined t h e i r  eggs and did not spawn; the re  i s  
some indica t ion  t h a t  t h i s  behavior can occur under c e r t a i n  condi t ions .  

The second 1 arges t  spawning biomass based on spawn deposi t ion surveys was in the  
Montague Island area .  I t  was a l so  the  area which had the  l a r g e s t  d i f ference  
between biomass est imates.  The biomass est imate of 38,924.0 tonnes from the  spawn 
deposi t ion surveys was 15.00 times l a r g e r  than the  2,594.6 tonnes estimated from 
ae r i a l  surveys. The large  d i f ference  may be a r e f l e c t i o n  of the  behavior of the  
herring around Montague Island.  Based upon the  presence of a  1 arge number sea 
l i o n s  near Montague Island,  the re  appeared t o  be a buildup of herr ing p r io r  t o  



spawning. Extensive spawn was documented on the north end of Montague Island. 
However, very little biomass was observed. The combined area estimates from the 
spawn deposition survey estimates was 104,325 tonnes and 2.11 times larger than 
the aerial survey estimate of 49,505.2 tonnes. This difference is slightly larger 
than the biomass ratio of 1.73 in 1988, and substantially larger than the biomass 
ratio of 1.01 in 1989 (Baker e t  a 7 .  1990, 1991). 

The exploitation rate for the 1990 spring sac roe fisheries was estimated at 8.8% 
by weight and 8.3% by number. The total exploitation rate for the 1989-90 season 
was at 9.3% by weight and 8.9% by number, considerably less than the guideline 
exploitation rate of 20%. As was expected, the harvest and utilization by the 
five commercial fisheries, escapement, and total spawning biomass of herring in 
PWS during 1990 was dominated by the 1984 year class. This was as expected; the 
1984 year class dominated the spawning biomass in 1988 and 1989 (Baker et a1 . 
1990, 1991). 
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Table 1. Harvest of herring by the commercial food-and-bait and sac roe fisheries, and the estimated 
equivalent harvest of herring in the wild and pound spawn-on-kelp fisheries in Prince William 
Sound, Alaska, 1969-1990. 

Herring Harvest Equivalent Herring Harvest 

Sac Roe Fisheries Spawn-on-Kelp Fisheries 
Food-and-Bait Total 
Fisherya Purse Seine Gill Net Pound Kelpb Wild KelpC Spring Total 

Harvest Harvest Harvest 
Yeard (tomes) % (tomes) % (tomes) % (tomes) % (tomes) % (tomes) (tomes) 

Mean 669.9 9.3 4,830.3 71.0 255.9 3.4 554.0 6.9 1,260y4 28.4 6,222.9 6,457.7 
SE 118.0 1.8 685.2 3.9 47.0 0.6 144.2 1.5 202.2 5.8 736.7 809.8 
Min 4.4 0.1 322.7 23.0 1.5 0.0 15.0 0.2 19.2 2.0 341.9 341.9 
Max 1,285.0 21.4 12,492.5 94.4 483.8 7.6 1,410.7 14.7 3,327.9 100.0 13,259.0 14,541.0 

' Gear type used included purse seine, pair trawl, mid-water trawl, and otter trawl. However, since 1982 purse seines were used exclusively. 
The equivalent harvest of herring utilized in the pound spawn-on-kelp fishery was estimated based on the assumption that 12.5 tomes of herring was 
utilized to produce 1.0 tonne of spawn-on-kelp product. 
The equivalent harvest of herring utilized in the natural spawn-on-kelp fishery was estimated based on the assumptions that the average roe recovery 
was 102, and 80% of the spawn-on-kelp harvest consisted of roe (eggs). 
The harvest year for the fall food-and-bait fishery actually occurred in the year prior to the harvest year listed. As an example, the food-and-bait 
harvest in the 1988 harvest year was actually the harvest for the 1987 food-and-bait fishery. It was recorded this way because the management year for 
herring was defined to occur from 1 July through 31 June of the following year. 

' There was no harvest or utilization of herring by the commercial sac roe and spawn-on-kelp fisheries in Prince William Sound during 1989. All the sac 
roe and spawn-on-kelp fisheries were closed in 1989 because of the MIV Exxon Valdez oil spill. 



Table 2. Commercial harvest of herring by the food-and-bait fishery in Prince 
William Sound, Alaska, 1970-1989. 

Purse Seine Pair Trawl Mid-Water Trawl Otter Trawl Total 

Harvest Effort Harvest Effort Harvest Effort Harvest Effort Harvest Effort Harvest 
Year (Boat) (tonnes) (Boat) (tonnes) (Boat) (tonnes) (Boat) (tonnes) (Boat) (tonnes) 

n 17 17 5 5 2 2 1 1 17 17 
Me an 3.4 507.9 2.2 315.4 1.0 87.8 1.0 2.3 4.2 669.9 
SE 0.5 111.0 0.2 153.1 0.0 5.8 0.6 118.0 

Min 1 4.4 2 66.3 1 82.0 1 2.3 1 4.4 
Max 7 1,157.8 3 897.0 1 93.6 1 2.3 8 1,285.0 

a Starting in 1977, food-and-bait herring season may have included two calendar years. 
bFishing season was opened by emergency order on 16 October 1978 and was extended on 7 January 1979. Deliveries 
were made through 2 March 1979. 
Fishing season was opened by emergency order 15 September 1980 and closed 31 December 1979. It was reopened 
by emergency order from 16 February 1980 and closed 28 February 1980. 

:Fishing seasonwas opened by regulation on 15 September 1980 and closedby emergency order on 7 November 1980. 
Fishing season was opened by regulation on 15 September 1981 and closed by emergency order on 30 September 
1981. 

'Fishing season was opened by regulation on 1 September 1985 and closed by emergency order on 15 February 1986. ' Fishing season was opened by regulation on 1 September 1986 and closed by emergency order on 24 October 1986. 
Fishing season was opened by regulation on 1 September 1987 in the General District. The Northern and Eastern 
Herring Districts opened on 23 September 1987. The fishing season was then closed by emergency order on 6 
October for a five week period, reopened on 9 November, and closed for the duration of the 1987-1988 season 
on 12 November 1987. 



Table 3. Summary of herring wild spawn-on-kelp harvest in Prince William 
Sound, Alaska, 1969-1990. 

Year 
Fishery 
Dates Hours 

Spawn-on-Kelp Harvest 
Effort 
(Divers) kg tonnes 

Equivalent 
Herring 
Harvest 
(tonnes) a 

18 May-31 May 
19 Apr- 6 Jun 
18 Apr-15 May 
30 Apr-20 May 
23 Apr-26 May 
22 Apr- 4 May 
25 Apr-10 May 
21 Apr- ? 
27 Apr-31 Dec 
20 Apr-30 Apr 
25 Apr- 3 May 
23 Apr-30 Apr 

25 Apr 
5 May- 8 May 

27 Apr 
Season Closed 
6 May- 8 May 
30 Apr- 3 May 
15 Apr-17 Apr 
29 Apr-30 Apr 
Season Closed 
21 Apr-22 Apr 

n 
Mean 
SE 
Min 
Max 

a The estimate of herring used by the wild spawn-on-kelp fishery was based on a 
mean roe recovery of lo%, with 80% of the spawn-on-kelp harvest consisting of 
roe (eggs). 
The herring wild spawn-on-kelp fishery in Prince William Sound was closed in 
1989 due to the oil spill resulting from the grounding of the M/V Exxon Valdez. 



Table 4. Summary of herring pound spawn-on-kelp harvest in Prince William 
Sound, Alaska, 1979-1990. 

Spawn-on-Kelp Harvest" 
Equivalent 

Ribbon Macrocystis Total Herring 
Fishery Permits Pounds Producin Harvestf 

Year Datesa Issuedb Builtc Pounds ' kg tonnes kg tonnes kg tonnes (tonnes) 

1979 
1980 14 Apr 
1981 14 Aur 
1982 29 ~ ~ r - i o  May 
1983 30 Apr- 4 May 
1984 24  AD^- 8 Mav 
1985 25 A& 7 ~a; 
1986 21 Apr-28 Apr 
1987 10 Apr-21 Apr 
1988 12 Apr-23 Apr 
198gg Season Closed 
1990 11 Apr-26 Apr 

Mean 
SE 

Min 
Max 

a Dates the fishery was opened to seine herring for placement into pounds. 
Permits issued to applicants on register prior to the March 1 deadline. 
Number of individual pounds constructed by the April 1 deadline, and consequently the number of individuals 
receiving an equal allocation of the guideline harvest. 
Number of pounds that were successful in producing roe-on-kelp product. Due to the group cooperation in this 
fishery, production is frequently reported for a few individuals whose pounds did not produce roe-on-kelp 
product. 
Production figures represent processed weights as reported on fish tickets. ' The herring utilized in the Pound spawn-on-kelp fishery was estimated based on the assumption that it takes 
11.3 tonnes of herring to produce 1.0 tonnes of roe-on-kelp product. 
The herring pound spawn-on-kelp fishery in Prince William Sound was closed in 1989 due to the oil spill 
resulting from the grounding of the M/V Exxon Valdez. 



Table 5. Spawning biomass estimates and indices for herring in Prince William 
Sound, Alaska, 1973-1990. 

Spawning Biomass Biomass of Herring 
Estimates per Kilometer (tonnes) 

Kilometer- 
Peak Aerial Spawn Kilometers days Aerial Spawn 
Survey Deposition of of Survey Deposition Biomass 

Year (tonnes) (tonnes) Spawning Spawning Estimate Estimate Ratio 

1973 67.8 78.2 
1974 37,267.2 58.8 98.5 633.8 
1975 55.1 57.8 
1976 6,649.7 51.4 51.4 129.4 
1977 15,267.9 63.2 115.9 241.6 
1978 13,090.7 58.4 76.3 224.0 
1979 38,192.5 87.6 117.2 436.1 
1980 56,345.3 81.3 119.8 693.0 
1981 70,588.1 137.3 225.6 514.3 
1982 62,405.3 78.8 104.8 791.9 
1983 37,965.7 19,958.1 106.4 165.3 356.8 187.5 0.53 
1984 53,179.2 72,311.8 96.3 139.7 552.4 751.1 1.36 
1985 18,742.5 153.0 240.7 122.5 
1986 13,771.1 118.1 245.2 116.6 
1987 23,713.8 117.2 251.0 202.5 
1988 31,089.3 53,804.9 267.7 381.4 116.1 201.0 1.73 
1989 51,632.5 52,235.5 158.4 295.8 325.9 329.7 1.01 
1990 49,505.2 104,325.0 151.5 232.2 326.8 688.6 2.11 

n 16 4 16 16 16 4 4 
Mean 36,212.9 70,669.3a 111.3 176.3 362.7 492.6a 1.55a 
SE 5,086.8 12,109.3 13.8 23.5 55.0 134.4 0.27 
Min 6,649.7 52,235.5 51.4 51.4 116.1 201.0 1.01 
Max 70,588.1 104,325.0 267.7 381.4 791.9 751.1 2.11 

a Estimate from 1983 spawn deposition survey was not included in summary 
estimates because the survey was only a preliminary estimate. 



Table 6 .  Season, location, effort, and harvest by gear type for the 
commercial herring fisheries in Prince William Sound, Alaska, 1989- 
1990. 

Fishing Information Harvest (tonnes) 

Fishery Area Date Duration Effort Spawn-on-kelp Herring 

1989 Food-and-bait Knowles Head 11/01/89-01/31/90 3 boats 586.0 
Montague-Green Islands 

Total 1989 Food-and-bait Harvest 11/01/89-01/31/90 3 boats 586.0 

1990 Sac Roe and Spawn-on-kelp Fisheries 

Purse Seine Sac Roe Tatitlek Narrows 04/12/90 20 min 97 boats 

Total 04/12/90 20 min 97 boats 7,586.0 

Gill Net Sac Rae Tatitlek Narrows 04/13/90 4 h 24 boats 458.5 

Total 04/13/90 4 h 24 boats 458.5 

Wild Spawn-on-Kelpa Tatitlek Narrows 04/21/90 8 h 86 divers 43. Ob 344. OC 
Tatitlek Narrows 04/21/90 8 h 104 divers 64. 8b 518.2' 

Total 04/21/90-04/22/90 16 h 134 divers 107.8b 862. 

Pound Spawn-on-Kelpd Galena Bay 04/11/90-04/22/90 128 permits 91.7 1.146.Y 

Total 04/11/90-04/22/90 128 permits 91.7 1,146.Y 

Total 1990 Harvest and Use 

Total 1989-1990 Harvest and Use 199.5 10,639.2 

a The harvest by divers of naturally occurring herring roe on native kelp species in Prince William Sound. 
The harvest consisted of approximately 64% ribbon kelp, 24% sieve kelp, and 12% hair kelp. 
The equivalent harvest of herring (due to the removal of reproductive capacity of the population) was 
estimated based on a mean roe recovery of lo%, with 80% of the spawn-on-kelp harvest weight consisting of roe 
(eggs). 
The harvest of herring roe on kelp produced in net pens or pounds. 

' The equivalent harvest of herring (due to stress mortality and the removal of the reproductive capacity of 
the population) was estimated based on the assumption that 12.5 tonnes of herring are used to produce 1.0 
tonnes of spawn-on-kelp product. 



Table-7. Estimates of the contributions of each age and year class to the 
herring harvested by the commercial food-and-bait fisher in Prince 
William Sound, Alaska, 1 November 1989 - 31 January 1998. 

Harvest by Age Class 

Mean Standard Percent Number Percent 
Year Age Number Weight Length Weight by of Fish 
Class Class Sampled (g) 

by 
(mm) (tonnes) Weight (x 1,000) Number 

Total 418 111 182 586.0 100.0 5,250.3 100.0 



Table 8. Age and sex composition, mean weight-at-age, and mean length-at-age 
of herring sampled from the commercial food-and-bait fishery at 
Knowles Head, and Montague and Green Islands, Prince William Sound, 
Alaska, 1 November 1989 - 31 January 1990. 

Age and Sex Composition Weight (g )  Standard Length (mn) 

Male Female Combined Male Female Combined Male Female Combined 

Age n % n % n X Mean SD Mean SD Mean S D  Mean SD Mean SD hean SD 

Tota l  205 49.5 209 50.5 418 100.0 112 22 112 23 111 23 182 11 183 12 182 12 

Unaged 15 48.4 16 51.6 31 100 105 17 104 26 105 22 178 7 181 11 179 10 

' I n  aging sca les  from t h e  food-and-bait herr ing f i she ry ,  the  growth on t h e  outer  margin of each s c a l e  was 
counted as  p lus  growth and no annuli  were assigned t o  t h e  outer  margins of these  s c a l e s .  This he r r ing  aging 
convention was adapted i n  order t o  keep t h e  f a l l  food-and-bait herr ing ages cons i s t en t  wi th  t h e  spr ing sac 
roe  herr ing ages. On a l l  herr ing caught and aged i n  l a t e  March through Apr i l ,  an annulus is  assumed t o  be 
present  on t h e  ou te r  margin of each sca le .  



Table 9. Estimates of the contributions of each age and year class to the 
herring harvested by the commercial purse seine sac roe fishery in 
Prince William Sound, Alaska, 12 April 1990. 

Harvest by Age Class 
Mean 

Mean Standard Percent Number Percent 
Year Age Number Weight Length Weight by of Fish 
Class Class Sampled (g) 

by 
(mm) (tonnes) Weight (x 1,000) Number 

1989 1 0 0.0 0.0 0.0 0.0 
1988 2 0 0.0 0.0 0.0 0.0 
1987 3 0 0.0 0.0 0.0 0.0 
1986 4 1 106 206 10.6 0.1 99.6 0.2 
1985 5 44 120 208 525.8 6.9 4,381.6 8.0 
1984 6 377 133 218 4,993.1 65.8 37,542.0 68.4 
1983 7 4 6 138 218 632.1 8.3 4,580.7 8.3 
1982 8 3 1 156 230 481.6 6.3 3,087.0 5.6 
1981 9 2 9 184 239 531.4 7.0 2,887.8 5.3 
1980 10 19 175 236 331.1 4.4 1,892.0 3.4 
1979 11 2 219 253 43.6 0.6 199.2 0.4 
1978 12 1 180 235 17.9 0.2 99.6 0.2 
1977 13 1 189 239 18.8 0.2 99.6 0.2 

Total 551 138 218 7,586.0 100.0 54,869.1 100.0 



Table 10. Age and sex composition, mean weight-at-age, and mean length-at-age 
for herring sampled from the harvest of the commercial purse seine 
sac roe fishery in the northeast-shore area, Prince William Sound, 
Alaska, 12 April 1990. 

Age and Sex Composition Weight ( g )  Standard Length (mn) 

Male Female Combined Male Female Combined Male Female Combined 

Mean SD Mean $D Mean SD Mean SD 

206 9 
214 9 
217 6 
229 10 
235 8 
237 7 
250 
235 
239 

Mean SD Mean SD 

Total 309 56.1 242 43.9 551 100.0 136 23 141 27 138 25 217 12 219 12 218 12 

Unaged 21 43.8 27 56.3 48 100 135 23 138 20 137 21 218 10 218 10 218 10 



Table 11. Estimates of the contributions of each age and year class to the 
herring harvested by the commercial gill net sac roe fishery in the 
northeast-shore area, Prince William Sound, Alaska, 13 April 1990. 

Harvest by Age Class 
Mean 

Mean Standard Percent Number Percent 
Year Age Number Weight Length Weight by of Fish 
Class Class Sampled (g) 

by 
(mm) (tonnes) Weight (x 1,000) Number 

Total 6 6 4  157 231 458.5 100.0 2,919.5 100.0 



Table 12. Age and sex composition, mean weight-at-age, and mean length-at-age 
of herring sampled from the harvest of the commercial gill net sac 
roe fishery at Tatitlek Narrows, and Virgin and Landlocked Bays, 
northeast-shore area, Prince William Sound, Alaska, 13 April 1990. 

Age and Sex Composition Weight ( g )  Standard Length (mn) 

Male Female Comblned Male Female Combined Male Female Combined 

Age n 4; n X n % Mean SDMean SDMean 3 5  IT-- 

2 0 0.0 0 0.0 0 0.0 
3 0 0 . 0  0 0 0  n n n  

Total 136 53.3 119 46.7 255 100.0 163 24 166 24 165 24 232 11 233 10 233 11 

Unaged 13 44.8 16 55.2 29 100 159 21 159 14 159 17 230 14 233 14 232 14 



Table 13. Age and sex composition, mean weight-at-age, and mean length-at-age 
of herring sampled from the harvest of the commercial gill net sac 
roe fishery at Boulder Bay, northeast-shore area, Prince William 
Sound, Alaska, 13 April 1990. 

Age and Sex Composition Weight ( g )  Standard Length (mn) 

Male Female Comblned Male Female Combined Male Female Combined 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean 

Total 222 54.3 187 45.7 409 100.0 150 21 154 25 152 23 228 11 230 11 229 11 

Unaged 17 41.5 24 58.5 41 100 164 28 156 30 160 29 233 11 227 11 229 11 



Table 14. Estimates of the contributions of each age and year class to the 
herring which contributed spawn to the commercial wild spawn-on-kelp 
fishery in the northeast-shore area, Prince William Sound, Alaska, 
21-22 April 1990. 

Equivalent Harvest by Age Class 
Mean 

Mean Standard Percent Number Percent 
Year Age Number Weight Length Weight by of Fish 
Class Class Sampled (g) 

by 
(mm) (tonnes) Weight (x 1,000) Number 

-- 

Total 1,714 137 220 862.2 100.0 6,270.3 100.0 



le 15. Age and sex composition, mean weight-at-age , and mean length-at-age 
of herrin sampled from the test fish purse seine catches at Galena 
Bay, nort east-shore area, Prince William Sound, Alaska, 7 April 
1990. 

fl 

Age and Sex Composition Weight ( g )  Standard Length (mn) 

Male Female Combined Male Female Combined Male Female Combined 

Age n X n 96 n % Mean SDMean SDMean Mean SDElean SDMean Sb 

Total 209 53.7 180 46.3 389 100.0 139 27 144 28 141 27 220 12 221 13 221 12 

Unaged 18 46.2 21 53.8 39 100 145 35 141 25 143 30 224 16 220 10 222 13 



Table 16. Age and sex composition, meanweight-at-age, andmean length-at-age 
of herring sampled from test fish purse seine catches at Sawmill 
Bay, northeast-shore area, Prince William Sound, Alaska, 11 April 
1990. 

- -- 

Age and Sex Composition Weight ( 8 )  Standard Length (mn) 

Male Female Comblned Male Female Comblned Male Female Combined 

Age n X n % n X Mean SD Mean SD Mean Mean SD Mean SD Mean SD 

Total 64 44.4 80 55.6 144 100.0 129 23 144 25 137 25 217 11 222 12 220 12 

Unaged 3 50.0 3 50.0 6 100 155 46 156 50 155 43 227 26 225 21 226 21 



Table 17. Age and sex composition, mean weight-at-age, and mean length-at-age 
of herring sampled from test fish purse seine catches at Galena and 
Jack Bays, northeast-shore area, Prince William Sound, Alaska, 11 
April 1990. 

Age and Sex Composition Weight ( g )  Standard Length (mn) 

Male Female Combined Male Female Combined Male Female Combined 

Age n X n X n X Mean SD Mean SD Mean SD Rean SD Mean Mean SLT 

Total 116 56.9 88 43.1 204 100.0 134 24 141 21 137 23 219 13 222 10 220 12 

Unaged 3 50.0 3 50.0 6 100 137 20 135 15 136 16 223 8 217 7 220 7 



Table 18. Age and sex composition, mean weight-at-age, and mean length-at-age 
of herring sampled from purse seine catches in the pound fishery in 
Galena Bay, northeast-shore area, Prince William Sound, Alaska, 14 
April 1990. 

Age and Sex Composition Weight (g )  Standard Length (mn) 

Male Female Comblned Male Female Combined Male Female Combined 

Age n % n % n % Mean SDMean SDMean SD n n M n  

Total 188 

Unaged 7 29.2 13 54.2 24 100 129 15 140 27 133 23 223 10 223 11 222 10 



Table 19. Estimates of the contributions of each age and year class to the 
herring used in the commercial pound spawn-on-kelp fisher in the 
northeast-shore area, Prince William Sound, Alaska, 11- 2 April 
1990. 

I 

Equivalent Harvest by Age Class 
Mean 

Mean Standard Percent Number Percent 
Year Age Number Weight Length Weight by of Fish 
Class Class Sampled (g) 

by 
(mm) (tonnes) Weight (x 1,000) Number 

Total 42 6 133 221 1,146.5 100.0 8,582.1 100.0 



Table 20. Age and sex composition, mean weight-at-age, and mean length-at-age 
of herring sampled from purse seine catches in the pound fishery at 
Galena Bay, northeast-shore area, Prince William Sound, Alaska, 15 
April 1990. 

Age and Sex Composition Weight ( g )  Standard Length (mn) 

Male Female Combined Male Female Combined Male Female Combined 

Age n X n % n 4 MeanSDMean =Mean SD Flean =Mean SDMean SIT 

Total 224 58.0 162 42.0 485 100.0 115 30 123 27 102 43 212 19 218 12 201 34 

Unaged 11 37.9 14 48.3 29 100 134 19 112 26 114 34 223 9 214 14 212 24 



Table 21. Age and sex composition, mean weight-at-age, and mean length-at-age 
of herring sampled from purse seine catches in the pound fishery at 
Galena Bay, northeast-shore area, Prince William Sound, Alaska, 20 
April 1990. 

Age and Sex Composition Weight ( g )  Standard Length (mn) 

Male Female Comblned Male Female Combined Male Female Combined 

Age n % n % n 4, Mean SD Mean SD Mean Sb Mean SD Mean SD Mean SD 

Total 204 58.0 148 42.0 352 100.0 119 24 134 26 125 26 215 13 218 14 216 14 

Unaged 1 25.0 3 75.0 4 100 133 131 4 132 3 229 220 1 222 5 



Table 22. Estimates of the contributions of each age and year class to the 
herring harvested by the commercial sac roe and spawn-on-kelp 
fisheries in Prince William Sound, Alaska, 1990. 

Harvest by Age Class 

Mean 
Year Age Weight 
Class Class (g) 

Percent Number Percent 
Weight by of Fish by 
(tonnes) Weight (x 1,000) Number 

Total 138 10,053.2 100.0 72,641.0 100.0 



Table 23. Estimates of the contributions of each age and year class to the 
herring harvested by the 1989 commercial food-and-bait fishery, and 
1990 sac roe and spawn-on-kelp fisheries in Prince William Sound, 
Alaska. 

Harvest by Age Class 

Me an 
Year Age Weight 
Class Class (g) 

Percent Number Percent 
Weight by of Fish by 
(tonnes) Weight (x 1,000) Number 

Total 137 10,639.2 100.0 77,891.4 100.0 



Table 24. Spawning biomass estimates and indices, by area, for herring in Prince William Sound, Alaska, 1990. 

Survey Area 

Spawning Biomass Biomass of Herring 
Peak Estimates (tomes) Kilometer- per Kilometer (tomes) 
Aerial days Kilometers 
Survey Peak Aerial Spawn of of Peak Aerial Spawn Biomass 
Date Survey Deposition Spawninga spawningb Survey Deposition Ratio 

Southeast-shore Area 
Simpson & Sheep Bays 
Hinchinbrook Island 
Port Gravina 

16 April 
14 April 
31 March ......................................................................................................................................... 

Area Total 281.2 380.0 4.5 4.2 67.0 90.5 1.35 

Northeast-shore Area 
Port Fidalgo 14 April 5,171.0 38.0 
Tatitlek Narrows 11 April 11,775.3 46.0 
Valdez Arm and Port Valdez 10 & 14 April 10,922.5 17.7 ......................................................................................................................................... 

Area Total 27,868.7 48,888.0 101.7 70.4 395.9 694.4 1.75 

North-shore Area 
Pt. Freemantle-Granite Pt. 10 & 14 April 1,369.9 6.0 
Granite Pt.-Esther Pass 9 & 13 April 10,523.4 29.1 ......................................................................................................................................... 

Area Total 11,893.2 13,256.0 35.2 29.3 405.9 452.4 1.11 
I 
& Naked Island Area 
& Naked Island 10 & 12 April 6,867.4 5.4 
I Knight Island 0.0 0.2 ......................................................................................................................................... 

Area Total 9,867.4 2,877.0 5.6 8.7 789.4 330.7 0.42 

Montague Island Area 
Montague Island 6 & 16 April 2,594.6 85.2 
Green Island 0.0 0.0 ......................................................................................................................................... 

Area Total 2,594.6 38,924.0 85.2 39.0 66.5 998.1 15.00 

All Areas Combined 

' The kilometer-days of spawning are measured and mapped during aerial surveys. 
The kilometers of spawning are measured during the spawn deposition surveys. The kilometers of spawning will usually be smaller than the kilometer-days 
of spawning. However, there are instances when the kilometers of spawning may exceed the kilometer-days of spawning. The kilometer-days of spawning are 
measured during aerial surveys and aerial surveys are not flown every day in all areas. 



Table 25. Biomass estimates of herring based on aerial surveys in Prince William Sound, Alaska, 1990. Aerial 
surveys were not flown every day in all the areas because of limited flying time and were denoted 
by "NS". Aerial survey estimates that were included in the peak aerial survey estimate are denoted 
by an "*". 

Montague 
Southeast-shore Area Northeast-shore Area Naked Island Island 

North-shore Area Area Area 
Simpson Hinchin- Valdez Arm - - Daily 
Sheep h Brook Port Port Tatitlek 6 Port Freemantle Granite Pt. Naked Knight Montague Survey 

Date Islands Island Gravina Fidalgo Area Valdez Granite Pt. Esther Pass. Island Island Island Total Date 

Bumber of 
Surveys 0 2 
Peak Aerial Estimates 
by Area NS 63.5 
X of Total 0.0% 0.1% 

Summed by Major Area 281.2 
% of Total 0.6% 



Table 26. Estimated kilometer-days of spawning by herring based upon aerial survey observations in Prince 
William Sound, Alaska, 1990. Aerial surveys were not flown every day in all the areas because of 
limited flying time and are denoted by "NS". 

Montague 
Southeast-shore Area Northeast-shore Area Naked Island Island 

North-shore Area Area Area 
Simpson Hinchin- Valdez - - Daily 
Sheep & Brook Port Port Tatitlek Arm & Freemantle Granite Pt. Naked Knight Montague Survey 

Date Islands Island Gravina Fidalgo Area Port Granite Pt. Esther Pass. Island Island Island Total Date 

03/31 NS NS 0.0 0.0 0.0 0.0 NS NS 0.0 NS 0.0 0.0 03/31 
04/01 NS NS 2.4 0.0 0.0 0.0 0.0 0.0 0.0 NS 0.0 2.4 04/01 
04/02 NS NS 0.0 0.0 0.0 0.0 0.0 0.0 NS NS 0.0 0.0 04/02 
04/03 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  No Survey on this day .......................................... 04/03 
04/04 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  No Survey on this day .......................................... 04/04 
04/05 NS NS NS NS NS NS NS NS 0.0 NS 0.0 0.0 04/05 
04/06 NS NS 0.0 0.0 1.6 0.0 NS 0.0 0.0 NS 0.0 1.6 04/06 
04/07 NS NS 0.8 NS 0.3 0.0 0.0 0.0 0.0 0.0 0.0 1.1 04/07 
04/07 NS NS 0.2 0.0 0.3 0.0 NS NS NS NS NS 0.5 04/07 
04/08 NS NS 0.0 0.0 0.3 0.0 NS 0.0 0.0 NS 4.8 5.2 04/08 
04/09 NS NS NS NS 0.8 0.0 0.0 0.0 0.0 NS 0.0 0.8 04/09 
04/09 NS NS NS NS 0.8 0.0 0.0 0.0 0.0 NS NS 0.8 04/09 
04/10 NS NS NS NS 0.0 0.0 0.0 0.0 0.0 NS NS 0.0 04/10 
04/10 NS NS NS NS 0.0 0.0 NS NS NS NS 0.0 0.0 04/10 
04/10 NS NS NS NS 0.0 0.0 NS NS NS NS NS 0.0 04/10 

1 04/11 NS NS NS NS 0.0 0.0 0.0 0.4 0.0 NS 0.0 0.4 04/11 
b b  04/12 NS NS NS NS 0.0 0.0 0.0 1.0 0.0 NS 0.0 1.0 04/12 
0 04/13 NS NS NS 1.6 10.0 2.7 NS NS NS NS 0.0 14.3 04/13 

I 04/13 NS NS NS NS NS NS 1.2 4.0 0.2 NS NS 5.4 04/13 
04/14 NS 1.1 0.0 5.6 16.9 4.3 1.6 4.8 1.6 NS 0.0 36.1 04/14 
04/15 NS NS NS 8.9 10.9 4.3 NS NS NS NS NS 24.2 04/15 
04/16 NS 0.0 NS 15.3 4.0 5.6 3.2 11.7 2.8 0.0 2.6 45.2 04/16 
04/17 NS NS NS 5.6 0.0 0.4 NS 4.8 0.8 NS 17.7 29.4 04/17 
04/18 NS NS NS NS NS NS NS 1.2 0.0 NS 19.3 20.5 04/18 
04/19 NS NS NS 0.2 0.0 0.0 NS 0.0 0.0 NS 12.1 12.2 04/19 
04/19 NS NS NS NS NS NS NS NS 0.0 0.2 22.2 22.4 04/19 
04/20 NS NS NS 0.8 0.0 0.0 NS 0.0 0.0 NS 0.0 0.8 04/20 
04/21 NS NS NS 0.0 0.0 0.2 NS 1.2 NS NS NS 1.4 04/21 
04/22 NS NS NS 0.0 0.0 0.0 NS 0.0 0.0 NS 3.2 3.2 04/22 
04/23 NS NS NS 0.0 0.0 0.0 NS 0.0 0.0 NS 3.2 3.2 04/23 

Number of 
Surveys 0 2 8 16 24 24 11 20 21 3 21 28 
Kilometer-days of Spawning 
by Area NS 1.1 3.4 38.0 46.0 17.7 6.0 29.1 5.4 0.2 85.2 232.2 
% of Total 0.0% 0.5% 1.5% 16.4% 19.8% 7.6% 2.6% 12.6% 2.3% 0.1% 36.7% 100.0% 

Sumed by Major Area 
% of Total 



Table 27. Estimates of the contributions of each age and year class to the 
estimated spawning biomass from spawn deposition surveys of herring 
in the southeast-shore area, Prince William Sound, Alaska, 1990. 

Biomass by Age Class 
Mean 

Mean Standard Percent Number Percent 
Year Age Number Weight Length Weight by of Fish 
Class Class Sampled (g) (mm) (tonnes) Weight (x 1,000) Number 

by 

Total 1,714a 137 220 380.0 100.0 2,763.5 100.0 

a No age composition samples were collected in the southeast-shore area during 
1990. Therefore, the age composition samples from the northeast-shore area were 
used. 



Table 28. Estimates of the contributions of each age and year class to the 
estimated spawning biomass from spawn deposition surveys of herring 
in the northeast-shore area, Prince William Sound, Alaska, 1990. 

Biomass by Age Class 
Mean 

Mean Standard Percent Number Percent 
Year Age Number Weight Length Weight by of Fish 
Class Class Sampled (g) (mm) (tonnes) Weight (x 1,000) Number 

by 

1989 1 0 0.0 0.0 0.0 0.0 
1988 2 0 0.0 0.0 0.0 0.0 
1987 3 4 7 6 188 63.3 0.1 829.7 0.2 
1986 4 5 9 9 202 102.5 0.2 1,037.2 0.3 
1985 5 141 117 210 3,433.2 7 .O 29,247.7 8.2 
1984 6 1,190 132 217 32,666.3 66.8 246,842.0 69.4 
1983 7 135 144 223 4,026.4 8.2 28,003.1 7.9 
1982 8 9 4 163 234 3,175.8 6.5 19,498.4 5.5 
1981 9 8 3 178 237 3,059.6 6.3 17,216.7 4.8 
1980 10 50 178 238 1.847.6 3.8 10.371.5 2.9 

Total 1,714 137 220 48,880.0 100.0 355,535.5 100.0 



Table 29. Estimates of the contributions of each age and year class to the 
estimated spawning biomass from spawn deposition surveys of herring 
in the north-shore area, Prince William Sound, Alaska, 1990. 

Biomass by Age Class 
Me an 

Mean Standard Percent Number Percent 
Year Age Number Weight Length Weight by of Fish 
Class Class Sampled (g) (mm) (tonnes) Weight (x 1,000) Number 

by 

Total 424 134 218 13,256.0 100.0 98,664.9 100.0 



Table 30. Age and sex composition, mean weight-at-age, and mean length-at-age 
of herring sampled from the test fish purse seine catches at Wells 
Bay, north-shore area, Prince William Sound, Alaska, 11 April 1990. 

Age and Sex Composition Weight (g )  Standard Length (mn) 

Male Female Combined Male Female Combined Male Female Combined 

Ape n X n X n X Mean S D M e a n -  M e a n M e a n F l n D  

2 0 0.0 0 0.0 0 0.0 
3 0 0.0 0 0.0 0 0.0 
4 0 0.0 1 0.2 1 0.2 109 109 203 203 
5 22 5.2 23 5.4 45 10.6 104 12 120 17 112 17 203 10 211 8 207 10 
6 122 28.8 193 45.5 315 74.3 125 14 136 17 132 16 215 8 219 8 217 8 
7 14 3.3 22 5.2 36 8.5 143 23 155 19 150 21 221 7 227 9 225 9 
8 5 1.2 6 1.4 11 2.6 161 21 172 29 167 25 235 14 233 12 234 12 
9 5 1.2 9 2.1 14 3.3 176 21 196 23 189 24 239 5 246 5 244 6 
10 1 0.2 1 0.2 2 0.5 163 190 177 19 246 244 245 1 
11 0 0.0 0 0.0 0 0.0 
12 0 0.0 0 0.0 0 0.0 
13 0 0.0 0 0.0 0 0.0 

Total 169 39.9 255 60.1 424 100.0 126 21 139 23 134 23 215 11 220 11 218 11 

Unaged 11 42.3 15 57.7 26 100 141 37 133 21 137 29 221 16 218 9 219 12 



Table 31. Estimates of the contributions of each age and year class to the 
estimated spawning biomass from spawn deposition surveys of herring 
in the Naked Island area, Prince William Sound, Alaska, 1990. 

Biomass by Age Class 
Mean 

Mean Standard Percent Number Percent 
Year Age Number Weight Length Weight by of Fish 
Class Class Sampled (g) (mm) (tonnes) Weight (x 1,000) Number 

by 

Total 423 138 220 2,877.0 100.0 20,900.1 100.0 



Table 32. Age and sex composition, mean weight-at-age, and mean length-at-age 
of herring sampled from test fish purse seine catches in the Naked 
Island area, Prince William Sound, Alaska, 10 April 1990. 

Age and Sex Composition Weight ( g )  Standard Length (m) 

Male Female Combined Male Female Combined Male Female Combined 

Age n 4 n 4 n 4 D S D M e a n  --Mean 

Total 185 43.7 238 56.3 423 100.0 131 21 143 28 138 26 218 10 222 12 220 12 
- 

Unaged 12 44.4 15 55.6 27 100 134 18 136 26 135 23 220 8 219 13 219 11 



Table 33. Estimates of the contributions of each age and year class to the 
estimated spawning biomass from spawn deposition surveys of herring 
in the Montague Island area, Prince William Sound, Alaska, 1990. 

Biomass by Age Class 
Mean 

Mean Standard Percent Number Percent 
Year Age Number Weight Length Weight by of Fish 
Class Class Sampled (g) (mm) (tonnes) Weight (x 1,000) 

by 
Number 

Total 438 121 217 38,924.0 100.0 320,001.4 100.0 



Table 34. Age and sex composition, mean weight-at-age, and mean length-at-age 
of herring sampled from test fish half purse seine catches in the 
Montague Island area, Prince William Sound, Alaska, 17-18 April 
1990. 

Age and Sex Composition Weight ( g )  Standard Length (mn) 

Male Female Comblned Male Female Combined Male Female Combined 

Age n X n 4: n 4: Mean SD Mean SD Mean SD Rean SIT Mean 

Total 251 57.3 187 42.7 438 100.0 117 21 127 24 121 22 215 10 218 11 217 11 

Unaged 7 63.6 4 36.4 11 100 142 46 149 56 145 47 228 19 226 20 228 19 



Table 35. Age and sex composition, mean weight-at-age, and mean length-at-age 
of herring sampled from the test fish purse seine catches at Port 
Chalmers, Montague Island area, Prince William Sound, Alaska, 8 
April 1990. 

Age and Sex Composition Weight ( g )  Standard Length (mn) 

Male Female Comblned Male Female Combined Male Female Combined 

Age n Ib n % n 4, Mean St3 Mean SD Mean SD Mean 

Total 

Unaged 8 34.8 14 60.9 23 100 102 13 116 19 107 24 206 8 211 13 207 16 



Table 36. Estimates of the contributions of each age and year class to the 
estimated spawning biomass from spawn deposition surveys of herring 
in Prince William Sound, Alaska, 1990. 

Mean 
Year Age Weight 
Class Class (g) 

Biomass by Age Class 

Percent Number Percent 
Weight by of Fish 

(tonnes) Weight (x 1,000) 
by 
Number 

Total 131 104,325.0 100.0 797,865.4 100.0 



Table 37. Estimates of the contributions of each age and year class to the 
estimated escapement biomass of herring in Prince William Sound, 
Alaska 1990. 

Biomass by Age Class 

Mean 
Year Age Weight 
Class Class (g) 

-- -- - - - 

Percent Number Percent 
Weight by of Fish 

(tonnes) Weight (x 1,000) 
by 
Number 

Total 131 105,187.2 100.0 804,135.7 100.0 



Table 38. Estimates of the contributions of each age and year class to the 
estimated total spawning biomass of herring in Prince William Sound, 
Alaska, 1990. 

Biomass by Age Class 

Mean 
Year Age Weight 
Class Class (g) 

Percent Number Percent 
Weight by of Fish 

(tonnes) Weight (x 1,000) 
by 
Number 

Total 131 114,378.2 100.0 870,506.5 100.0 



Table 39. Estimates of the contributions of each age and year class to the 
estimated total biomass of herring in Prince William Sound, Alaska, 
1989-1990. 

Biomass by Age Class 

Mean 
Year Age Weight 
Class Class (g) 

Percent Number Percent 
Weight by of Fish 

(tonnes) Weight (x 1,000) 
by 
Number 

Total 131 114,964.2 100.5 875,756.4 100.6 



Table 40.  Estimates of the contributions of each age and year class to the harvest, escapement biomass, total 
spawning biomass, and total biomass of herring in Prince William Sound, Alaska, 1990. 

Weight of Herring (tomes) 

1990 Sac Roe and Spawn-on-Kelp Fisheries 
Estimated 

Sac Roe Spawn-on-Kelp Exploitation 
Fisheries Fisheries 1990 Rate 

1989 1989-90 1990 Total 1989-90 
Year Age Food-and-Bait Purse Gill 1990 Total Escapement Spawning Total 
Class Class Fisherya Seineb Net WildC Poundd Harvest Harvest Biomass Biomass Biomass 1990 1989-90 

1989 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0  
1988 2 27.4 0.0 0.0 0.0 0.0 0 .0  27.4 0.0 0.0 27.4 0.0 100.0 
1987 3 87.4 0.0 0.0 4.4 1.1 5.5 92.9 188.7 193.0 280.4 2.8 33.1 
1986 4 154.8 10.6 1 .2  2.2 1 . 8  15.8 170.6 601.5 615.5 770.2 2.6 22.1 
1985 5 234.5 525.8 15.8 62.0 60.5 664.1 898.6 8,187.5 8,791.1 9,025.6 7.6 10.0 
1984 6 43.3 4,993.1 207.2 807.1 576.1 6,583.5 6,626.8 76,279.9 82,287.4 82,330.6 8.0 8.0 
1983 7 31.0 632.1 62.3 61.6 71.0 827.0 858.0 7,135.0 7,891.0 7,922.0 10.5 10.8 
1982 8 6.2 481.6 64.2 59.7 56.0 661.5 667.7 4,701.6 5,307.1 5,313.3 12.5 12.6 
1981 9 1.5 531.4 69.8 78.0 54.0 733.2 734.7 4,910.8 5,590.0 5,591.5 13 .1  13 .1  
1980 10 0.0 331.1 29.7 53.2 32.6 446.6 446.6 2,623.3 3,037.3 3,037.3 14.7 14.7 
1979 11 0.0 43.6 5.2 13.8 6.3 68.9 68.9 376.6 439.3 439.3 15.7 15.7 
1978 12  0.0 17.9 2.3 0.0 1 . 3  21.5 21.5 82.4 102.6 102.6 20.9 20.9 

I 1977 13+ 0.0 18.8 0.9 4.5 1 . 5  25.7 25.7 99.9 124.1 124.1 20.7 20.7 

m 
0 

1 Total 586.0 7,586.0 458.5 1,146.5 862.2 10,053.2 10,639.2 105,187.2 114,378.2 114,964.2 8.8 9.3 

a The harvest year for the fall food-and-bait fishery actually occurred in the year prior to the harvest year listed in the table. As an example, the food- 
and-bait harvest in the 1988 harvest year was actually the harvest for the 1987 fall food-and-bait fishery. It was recorded this way because the 
management year for herring was defined to occur from 1 July through 3 1  June of the following year. 
Gear type used included purse seine, pair trawl, mid-water trawl, and otter trawl. However, since 1982 purse seines have been used exclusively. 
The biomass used by the wild spawn-on-kelp fishery was estimated based on a mean roe recovery of 10X, with 80% of the spawn-on-kelp harvest consisting 
of roe (eggs). 
The biomass used by the pound spawn-on-kelp fishery was estimated based on the assumption that 12.5  tomes of herring were used to produce 1.0 tomes 
of spawn-on-kelp product. 



Table 41. Estimates of the contributions of each age and year class to the number of herring in the harvest, 
escapement biomass, total spawning biomass, and total biomass in Prince William Sound, Alaska, 
1990. 

Number of Herring (x 1,000) 

1990 Sac Roe and Spawn-on-Kelp Fisheries 
Estimated 

Sac Roe Spawn-on-Kelp Exploitation 
Fisheries Fisheries 1990 Rate 

1989 1989-90 1990 Total 1989-90 
Year Age Food-and-Bait Purse Gill 1990 Total Escapement Spawning Total 
Class Class Fisherya Seineb Net WildC Poundd Harvest Harvest Biomass Biomass Biomass 1990 1989-90 

Total 5,250.4 54,869.1 2,919.5 8,582.1 6,270.3 72,641.0 77,891.4 804,135.7 870,506.5 875,756.9 8.3 8.9 

a The harvest year for the fall food-and-bait fishery actually occurred in the year prior to the harvest year listed in the table. As an example, the food- 
and-bait harvest in the 1990 harvest year was actually the harvest for the 1989 fall food-and-bait fishery. It was recorded this way because the 
management year for herring was defined to occur from 1 July through 31 June of the following year. 
Gear type used included purse seine, pair trawl, mid-water trawl, and otter trawl. However, since 1982 purse seines have been used exclusively. 
The biomass used by the wild spawn-on-kelp fishery was estimated based on a mean roe recovery of lox, with 80% of the spawn-on-kelp harvest consisting 
of roe (eggs). 
The biomass used by the pound spawn-on-kelp fishery was estimated based on the assumption that 12.5 t o m e s  of herring were used to produce 1.0 t o m e s  
of spawn-on-kelp product. 
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Figure 1. Map of Prince William Sound, Alaska. 
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Figure 2. Location of the major spawning areas and commercial fisheries for 
herring in Prince William Sound, Alaska, 1990. 
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